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Discretion Rather Than Rules? When Is
Discretionary Policymaking Better Than the
Timeless Perspective?*

Stephan Sauer

European Central Bank

Discretionary monetary policy produces a dynamic loss in
the New Keynesian model in the presence of cost-push shocks.
The possibility to commit to a specific policy rule can increase
welfare. A number of authors since Woodford (1999) have
argued in favor of a timeless-perspective rule as an optimal
policy. The short-run costs associated with the timeless per-
spective are neglected in general, however. Rigid prices, rela-
tively impatient households, a high preference of policymakers
for output stabilization, and a deviation from the steady state
all worsen the performance of the timeless-perspective rule and
can make it inferior to discretion.

JEL Code: E5.

1. Introduction

Kydland and Prescott (1977) showed that rule-based policymaking
can increase welfare. The timeless perspective proposed by Wood-
ford (1999) represents a prominent modern form of such a rule in

*I would like to thank Julia Bersch, Frank Heinemann, Gerhard Illing, Uli
Kliih, Bennett McCallum, Riidiger Pohl, Ludwig Rebner, the editor Carl Walsh,
three anonymous referees, and seminar participants at the European Central
Bank, the University of Munich, the IWH Halle, and the Xth Spring Meeting of
Young Economists in Geneva for helpful comments, as well as Bennett McCallum
and Christian Jensen for making their MATLAB code available to me. This paper
is a revised chapter of my PhD thesis at the University of Munich, and part of it
was completed while I was visiting the Monetary Policy Strategy Division at the
European Central Bank; their hospitality is gratefully acknowledged. The views
expressed in this paper are my own and do not necessarily reflect those of the
European Central Bank or the Eurosystem. Author contact: Kaiserstr. 29, 60311
Frankfurt am Main, Germany; E-mail: stephan.sauer@ecb.europa.eu.
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monetary policy analysis. It helps to overcome not only the tradi-
tional inflation bias in the sense of Barro and Gordon (1983a, 1983b)
but also the stabilization bias, a dynamic loss stemming from cost-
push shocks in the New Keynesian model as described in Clarida,
Gali, and Gertler (1999). It is, however, associated with short-run
costs that may be larger than the long-run gains from commitment.

After deriving a formal condition for the superiority of discretion
over the timeless-perspective rule, this paper investigates the influ-
ence of structural and preference parameters on the performance
of monetary policy both under discretion and the timeless perspec-
tive in the sense of Woodford (1999). Discretion gains relative to the
timeless-perspective rule—i.e., the short-run losses become relatively
more important—if the private sector behaves less forward looking
or if the monetary authority puts a greater weight on output-gap
stabilization. For empirically reasonable values of price stickiness,
the relative gain from discretion rises with stickier prices. A fourth
parameter which influences the relative gains is the persistence of
shocks: Introducing serial correlation into the model only strength-
ens the respective relative performance of policies in the situation
without serial correlation in shocks. In particular, we show condi-
tions for each parameter under which discretion performs strictly
better than the timeless-perspective rule.

Furthermore, the framework of short-run losses and long-run
gains also allows explaining why an economy that is sufficiently far
away from its steady state suffers rather than gains from imple-
menting the timeless-perspective rule. In general, this paper uses
unconditional expectations of the loss function as welfare criterion,
in line with most of the literature. The analysis of initial condi-
tions, however, requires reverting to expected losses conditional on
the initial state of the economy because unconditional expectations
of the loss function implicitly treat the economy’s initial conditions
as stochastic. Altogether, in the normal New Keynesian model, all
conditions for the superiority of discretion need not be as adverse as
one might suspect—in particular, if the initial output-gap situation
is taken into account.

The following section 2 presents the canonical New Keynesian
model. Section 3.1 explains the relevant welfare criteria. The ana-
lytical solution in section 3.2 is followed by simulation results and
a thorough economic interpretation of the performance of policies
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under discretion and the timeless perspective. Section 3.4 completes
the discussion of Woodford’s timeless perspective by looking at the
effects of initial conditions before section 4 concludes.

2. New Keynesian Model

The New Keynesian or New Neoclassical Synthesis model has
become the standard toolbox for modern macroeconomics. While
there is some debate about the exact functional forms, the standard
setup consists of a forward-looking Phillips curve, an intertempo-
ral IS curve, and a welfare function.! Following, e.g., Walsh (2003),
the New Keynesian Phillips curve based on Calvo (1983) pricing is
given by

T = BB + ayp + uy (1)
with

(1-90 - p¢
¢

m; denotes inflation, E; the expectations operator conditional on
information in period ¢, y; the output gap, and u; a stochastic shock
term that is assumed to follow a stationary AR(1) process with
AR parameter p and innovation variance 2. While the output gap
refers to the deviation of actual output from natural or flexible-price
output, u; is often interpreted as a cost-push shock term that cap-
tures time-varying distortions from consumption or wage taxation
or markups in firms’ prices or wages. It is the source of the stabiliza-
tion bias. 0 < # < 1 denotes the (private sector’s) discount factor
and 0 < ¢ < 1 is the constant probability that a firm is not able to
reset its price in period ¢. A firm’s optimal price depends on current
and (for ¢ > 0) future real marginal costs, which are assumed to be
proportional to the respective output gap.? Hence, ¢ and « reflect
the degree of price rigidity in this model, which is increasing in ¢
and decreasing in a.

. 2)

(67

'Depending on the purpose of their paper, some authors directly use an
instrument rule or a targeting rule without explicitly maximizing some welfare
function.

In (1), the proportionality factor is set equal to 1.
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The policymaker’s objective at an arbitrary time t = 0 is to
minimize

L=Ey» p'Le with L =n7+uwy;, (3)
t=0

where w > 0 reflects the relative importance of output-gap variabil-
ity in policymaker preferences. We assume zero to be the target value
of both inflation and the output gap. While the former assumption
is included only for notational simplicity and without loss of gener-
ality, the latter is crucial for the absence of a traditional inflation
bias in the sense of Barro and Gordon (1983a, 1983b).

The New Keynesian model also includes an aggregate demand
relationship based on consumers’ intertemporal optimization in the
form of

Yt = Eyyirr — b(Ry — Eymiqq) + vy, (4)

where R; is the central bank’s interest rate instrument and v; is
a shock to preferences, government spending, or the exogenous
natural-rate value of output, for example.> The parameter b > 0
captures the output-gap elasticity with respect to the real interest
rate. Yet, for distinguishing between the timeless-perspective and
discretionary solutions, it is sufficient to assume that the central
bank can directly control 7; as an instrument. Hence, the aggregate
demand relationship can be neglected below.*

2.1 Model Solutions

If the monetary authority neglects the impact of its policies on infla-
tion expectations and reoptimizes in each period, it conducts mone-
tary policy under discretion. This creates both the Barro and Gordon
(1983a, 1983b) inflation bias for positive output-gap targets and the
Clarida, Gali, and Gertler (1999) stabilization bias caused by cost-
push shocks. To concentrate on the second source of dynamic losses

3v is generally referred to as a demand shock. But in this model, y; reflects
the output gap and not output alone. Hence, shocks to the flexible-price level of
output are also included in v;. See, e.g., Woodford (2003, p. 246).

“Formally, adding (4) as a constraint to the optimization problems below gives
a value of zero to the respective Lagrangian multiplier.
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in this model, a positive inflation bias is ruled out by assuming an
output-gap target of zero in the loss function (3). Minimizing (3)
subject to (1) and to given inflation expectations E;my4q results in
the Lagrangian

Ay = 7Tt2 —i—wyf — M (7 — BEmi41 — oy — uy) Vi=0,1,2,....
(5)

The first-order conditions

A
&:wat—i-a)\tzo
Yy
oA
o, Tt ¢+ =20
imply
w
Ty = *ayt (6)

If instead the monetary authority takes the impact of its actions
on expectations into account and possesses an exogenous possibil-
ity to credibly commit itself to some future policy, it can minimize
the loss function (3) over an enhanced opportunity set. Hence, the
resulting commitment solution must be at least as good as the one
under discretion. The single-period Lagrangian (5) changes to

A=E, Zﬂt [(Wtz + wyf) — M — Breg1 — ayr — ut)} (7)
t=0

This yields as first-order conditions

oA
— =2wys+aX =0, t=0,1,2,...,
Oy

A

87:271'75—)%:0, t:O,

67Tt

7:27Tt_)\t+)\t—1:07 t:1,2,
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implying
T = _gyt’ t=0 and (8)
w w
Te =T Yt -1, t=1,2,.... (9)

The commitment solution improves the short-run output/inflation
trade-off faced by the monetary authority because short-run price
dynamics depend on expectations about the future. Since the
authority commits to a history-dependent policy in the future, it
is able to optimally spread the effects of shocks over several periods.
The commitment solution also enables the policymaker to reap the
benefits of discretionary policy in the initial period without paying
the price in terms of higher inflation expectations, since these are
assumed to depend on the future commitment to (9). Indeed, opti-
mal policy is identical under commitment and discretion in the initial
period. Nevertheless, the equilibrium outcomes for inflation and the
output gap under the two policy regimes differ, as they also depend
on inflation expectations and thus the prevailing policy regime. In
a recent paper, Dennis and Séderstrom (2006) compare the welfare
gains from commitment over discretion under different scenarios.

However, the commitment solution suffers from time inconsis-
tency in two ways: First, by switching from (9) to (6) in any future
period, the monetary authority can exploit given inflation expec-
tations and gain in the respective period. Second, the monetary
authority knows at ¢ = 0 that applying the same optimization pro-
cedure (7) in the future implies a departure from today’s optimal
plan, a feature McCallum (2003, p. 4) calls “strategic incoherence.”

To overcome the second form of time inconsistency and thus
gain true credibility, many authors since Woodford (1999) have pro-
posed the concept of policymaking under the timeless perspective:
The optimal policy in the initial period should be chosen such that
it would have been optimal to commit to this policy at a date far
in the past, not exploiting given inflation expectations in the initial
period.® This implies neglecting (8) and applying (9) in all periods,
not justint=1,2,...:

®Woodford (1999) compares this “commitment” to the “contract” under John
Rawls’s veil of uncertainty. In a recent contribution, Loisel (2008) endogenizes
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w w
Wt:_iyt"’_*ytflu tZO,]., (10)
(6% v

Hence, the only difference to the commitment solution lies in the
different policy in the initial period, unless the economy starts from
its steady state with y_; = 0.% But since the commitment solution
is by definition optimal for (7), this difference causes a loss of the
timeless-perspective policy compared with the commitment solution.
If this loss is greater than the gain from the commitment solution
(COM) over discretion, rule-based policymaking under the timeless
perspective (TP) causes larger losses than policy under discretion
(DIS):

Lrp — Lcom > Lpis — Leom & Lyp > Lpys. (11)

The central aim of the rest of this paper is to compare the losses
from TP and DIS.

2.2 Minimal State Variable (MSV) Solutions

Before we are able to calculate the losses under the different policy
rules, we need to determine the particular equilibrium behavior of
the economy, which is given by the New Keynesian Phillips curve
(1)” and the respective policy rule, i.e., DIS (6) or TP (10). Following
McCallum (1999), the minimal state variable (MSV) solution to each
model represents the rational-expectations solution that excludes
bubbles and sunspots.

Under discretion, u; is the only relevant state variable in (1) and

(6):

T = BEmi41 + oy + uy

w
Ty = ——Yt,
«

the timeless perspective for certain calibrated parameter values following the
reputation mechanism in Barro and Gordon (1983b).

®Due to the history dependence of (10), the different initial policy has some
influence on the losses in subsequent periods, too.

"Without loss of generality but to simplify the notation, the MSV solutions
are derived based on (1) without reference to (2). The definition of « in (2) is
substituted into the MSV solutions for the simulation results in section 3.3.



8 International Journal of Central Banking June 2010

so the conjectured solution is of the form

Tt,DIS = ¢1Ut

Yt,DIS = P2Us.

Since Eymii1 = ¢1puy in this case, the MSV solution is given by

w
= u 12
Tt,DIS (A)(]_ — ,Bp) + 042 t ( )
-«
Yt,p1s = (13)

w(1—Bp) + a2

Under the timeless perspective, y;_1 and u; are the relevant state
variables from (1) and (10):
T = BEimi + ayr + w

w w
Te = ——Yt + —Yp1.
o «
Hence, the conjectured solution becomes

T, TP = P11Yi—1 + P12t (14)
Y, TP = D21Yt—1 + P22y (15)

After some calculations,® the resulting MSV solution is described by

w(l—=96
Ty, TP = (a)yt—l + (16)

= Blp+0) "
«

yt,TP = 5yt—1 - (,(_}(’)/ — ﬁ(p—i— 6))u’t7

(17)

—\/v2 =
withy=1+8+ %2 and § = %. Given these MSV solutions,
we are now able to evaluate the relative performance of monetary
policy under discretion and the timeless-perspective rule.

8These calculations include a quadratic equation in ¢o1, of which only one
root, 0 < § < 1, is relevant according to both the stability and MSV criteria.
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3. Policy Evaluation

3.1  Welfare Criteria
3.1.1 Unconditional Ezpectations

The standard approach to evaluate monetary policy performance is
to compare average values for the period loss function—i.e., values
of the unconditional expectations of the period loss function in (3),
denoted as F[L;]. We follow this approach for the analysis of the
influence of preference and structural parameters mainly because it
is very common in the literature® and allows an analytical solution.
However, it includes several implicit assumptions.

First, m; and y; need to be covariance stationary. This is not
a problem in our setup since u; is stationary by assumption and
0 < § < 1 is chosen according to the stability criterion; see foot-
note 8. Second, using unconditional expectations of L; implies treat-
ing the initial conditions as stochastic (see, e.g., King and Wolman
1999, p. 377) and thus averages over all possible initial conditions.
Third, the standard approach treats all periods in the same way
as E[L;] = E[Lyy;] for all j > 0. This may influence the precise
parameter values for which DIS performs better than TP in section
3.3, but it only strengthens the general argument with respect to
the influence of 3, as will be shown below.

3.1.2 Conditional Ezxpectations

At the same time, using unconditional expectations impedes an
investigation of the effects of specific initial conditions and tran-
sitional dynamics to the steady state on the relative performance of
policy rules. For this reason and to be consistent with the micro-
foundations of the New Keynesian model, Kim and Levin (2005),
Kim et al. (2008), and Schmitt-Grohé and Uribe (2004) argue in
favor of conditional expectations as the relevant welfare criterion. If
future outcomes are discounted—i.e., 3 < 1—the use of conditional

See, e.g., various articles in the conference volume by Taylor (1999) and
Clarida, Gali, and Gertler (1999), Jensen and McCallum (2002), and Woodford
(1999).
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expectations—i.e., £ in (3)—as welfare criterion implies that short-
run losses from TP become relatively more important to the long-run
gains compared with the evaluation with unconditional expectations.
Both concepts can be used to evaluate the performance of mone-
tary policy under varying parameter values, and the results are quali-
tatively equivalent. Besides its popularity and analytical tractability,
the choice of unconditional expectations as the general welfare meas-
ure has a third advantage: by implicitly averaging over all possible
initial conditions and treating all periods the same, we can evalu-
ate policies for all current and future periods and thus consider the
policy problem from a “truly timeless” perspective in the sense of
Jensen (2003), which does not bias our results in favor of discre-
tionary policymaking. Only the analysis of the effects of different
initial conditions requires reverting to conditional expectations.

3.2 Analytical Solution

In principle, the relative performance of DIS and TP can be solved
analytically if closed-form solutions for the unconditional expec-
tations of the period loss function are available. This is possible,
since

Li = E[L;) = E[n},] +wE[y;;], i€{DIS, TP}  (18)

from (3) and the MSV solutions in section 2.2 determine the uncon-
ditional variances E[r7;] and E[y7,]. The MSV solution under
discretion, (12) and (13) with w; as the only state variable and

Eu?] = 1}p2 o2, gives the relevant welfare criterion
2
w 1
Lprs = 2
oI L(l — Bp) + 042] 127
n —a S| 9
w o
w(l—pBp)+a*] 1-p?
2
1
_ w(w + a?) . o2, (19)

W@ = Bp) + 2] 1-p?

For the timeless perspective, the MSV solution (16) and (17)
depends on two state variables, 41 and u;. From the conjectured
solution in (14) and (15), we have
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E[TrtQ,TP] = 0L E[yi 1] + ¢5aE[uf] + 2011012 E[ye—1u4]
E[ytz,TP] = @b%lE[?/?—l] + ¢32E[Uﬂ + 2021020 By —1ug].  (20)

These two equations are solved and plugged into (18) in the appen-
dix. The result is

2w -9 =p)F+aP(l+dp) 1 52
= ol -P)( o BG T AE 1- 2

Hence, discretion is superior to the timeless-perspective rule if

Lrp

(21)

w(w+a?)
w(d = Bp) + a?]?
2w(1 = 8)(1 = p) + a*(1+ 0p)
w(l—=02)(1=dp)[y — B + p)]?
< RL=Lrp/Lpis—1>0. (22)

Lpis<Ltp &

Equation (22) allows analytical proofs of several intuitive argu-
ments: First, the variance of cost-push shocks 1_1p2 o? affects the
magnitude of absolute losses in (19) and (21) but has no effect on the
relative loss RL because it cancels out in (22). Second, economic the-
ory states that with perfectly flexible prices, i.e., ( = 0 and o — o0,
the short-run Phillips curve is vertical at y; = 0. In this case, the
short-run output/inflation trade-off and hence the source of the sta-
bilization bias disappears completely and no difference between DIS,
COM, and TP can exist.

Third, if the society behaves as an “inflation nutter” (King 1997)
and only cares about inflation stabilization—i.e., w = O—inflation
deviates from the target value neither under discretion nor under
rule-based policymaking. This behavior eliminates the stabilization
bias because the effect of shocks cannot be spread over several peri-
ods. Shocks always enter the contemporaneous output gap com-
pletely, but they do not cause welfare losses for an inflation nutter.
Furthermore, the initial conditions do not matter, since y_; receives
a weight of 0 in (10) and no short-run loss arises. The last two
statements are summarized in the following proposition.

PROPOSITION 1. Discretion and Woodford’s timeless perspective are
equivalent for
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(i) perfectly flexible prices or
(i1) inflation-nutter preferences.

Proof.

(i) limg—oo RL = 0.
(if) limy_o RL = 0.

Finally, proposition 2 states that discretion is not always inferior
to Woodford’s timeless perspective. If the private sector discounts
future developments at a larger rate—i.e., § decreases—firms care
less about optimal prices in the future when they set their optimal
price today. Hence, the potential to use future policies to spread the
effects of a current shock via the expectations channel decreases.
Therefore, the loss from the stabilization bias under DIS, where this
potential is not exploited (i.e., the long-run gains Lprs — Loowm),
also decreases with smaller 3, while the short-run costs from TP,
Lrp — Lcou, remain unaffected under rule (10). In the extreme
case of 3 = 0, expectations are irrelevant in the Phillips curve (1)
and the source of the stabilization bias disappears. If the reduction
in the long-run gain is sufficiently large, conditions (11) and (22) are
fulfilled.

PROPOSITION 2. There exists a discount factor 8 small enough such
that discretion is superior to Woodford’s timeless perspective as long
as some weight is given to output stabilization and prices are not
perfectly flexible.

Proof. RL is continuous in 3 because stability requires 0 < 6§, p < 1.

_ 2+2(17 Yw~(14p)w]( 2+ )
L= (a2+§w§[a2+(/{fp)g] = —1 > 0 for

Furthermore, limg_o R
w>0ANao<oo.

In principle, (22) could be used to look at the influence of
structural ((,p) and preference (8,w) parameters on the relative
performance of monetary policy under discretion and the timeless-
perspective rule more generally.!? Unfortunately, (22) is too complex

10Please note that, conceptually, it would be nonsense to compare one policy
over several values of a preference parameter. Here, however, we always com-
pare two policies (DIS and TP), holding all preference and structural parameters
constant.
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Table 1. Parameter Values Used in the Benchmark Model
and Common in the Literature

Parameter B w ¢ « p

Benchmark Model 0.99 0.0625 0.8722 0.02 0
Range in the Literature | 0.97-1| 0.01-0.25 | 0.73-0.91 | 0.01-0.1 | 0-0.95

to be analytically tractable. Hence, we have to turn to results from
simulations.

3.3  Stmulation Results

Preference (3,w) and structural (¢, p) parameters influence the rel-
ative performance of monetary policy under discretion and the
timeless-perspective rule. To evaluate each effect separately, we start
from a benchmark model with parameter values presented in table 1
and then vary each parameter successively.

If one period in the model reflects one quarter, the discount fac-
tor of B = 0.99 corresponds to an annual real interest rate of 4
percent. Setting w = 1/16 implies an equal weight on the quarterly
variances of annualized inflation and the output gap. For g = 0.99,
¢ = 0.8722 corresponds to a = 0.02, the value used in Jensen and
McCallum (2002) based on empirical estimates in Gali and Gertler
(1999).11

To put the benchmark model into perspective, table 1 also
reports the range of parameter values commonly used or estimated in
the literature. For example, Ljungqvist and Sargent (2004) calibrate
their model to 3 between 0.97 and 0.99.'2 Furthermore, Rudebusch
and Svensson (1999) justify the use of unconditional expectations as
their welfare criterion with the notion that conditional expectations
of the total loss function (3), scaled by (1 — /), and unconditional
expectations of the period loss function, E[L|, converge for 8 — 1

¢ and « are linked through the definition of  in (2).

12Note that Galf, Gertler, and Lépez-Salido (2001) estimate discount factors
in the Phillips curve as low as 0.91 for the euro area and 0.92 for the United
States. The implied steady-state real interest rate of approximately 12 percent
per annum for § = 0.97 is, however, substantially above the empirically observed
rate of about 2 percent per annum in developed economies.
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Figure 1. Variation of Discount Factor 3, TP vs. DIS
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(see also Dennis 2004). Hence, values between 0.97 and 1 are used
for (8 in the literature, while 8 = 0.99 represents the most common
figure. The ranges for w (0.01 to 0.25), « (0.01 to 0.1), and thus via
(2) also ¢ (0.73 to 0.91) are taken from the discussion of the litera-
ture in Walsh (2003, p. 527). Regarding the serial correlation of the
cost-push shock, p, the literature covers a very broad range between
0 and 0.95 (see, e.g., Kuester, Miiller, and St6lting 2007). Figures
1-5 in the remaining part of this section illustrate the parameter
of the benchmark model as a dashed, vertical line and the range of
parameters in the literature as a gray-shaded area.

8.8.1 Discount Factor 3

Figure 1 presents the results for the variation of the discount factor 8
as the loss from the timeless perspective relative to discretionary pol-
icy, RL. A positive (negative) value of RL means that the loss from
the timeless-perspective rule is greater (smaller) than the loss under
discretion, while an increase (decrease) in RL implies a relative gain
(loss) from discretion.

The simulation shows that RL increases with decreasing (; i.e.,
DIS gains relative to TP if the private sector puts less weight on the
future. This pattern reflects proposition 2 in the previous section.
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Figure 2. Variation of Discount Factor 3 Using
Conditional Expectations of Loss Function, TP vs. DIS
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Since the expectations channel becomes less relevant with smaller 3,
the stabilization bias and thus the long-run gains from commitment
also decrease in 3, whereas short-run losses remain unaffected.

In particular, DIS becomes superior to TP in the benchmark
model for 3 < 0.839, but, e.g., with w = 1 already for 3 < 0.975.13
Differentiating between the central bank’s and the private sector’s
discount factor § (see McCallum 2005; Sauer 2007) shows that the
latter drives RL because it enters the Phillips curve, while the for-
mer is irrelevant due to the use of unconditional expectations as
the welfare criterion, as discussed in section 3.1. But since using the
unconditional expectations of the loss function treats all periods the
same and hence gives greater weight to future periods than actually
valid for 8 < 1, this effect only strengthens the general argument.

This can be shown with the value of the loss function (3),
L = Ey Zfio BtL;, conditional on expectations at ¢ = 0 instead
of the unconditional expectations E[L]. As figure 2 demonstrates,

13The threshold of § = 0.975 for w = 1 is still a rather small value, as it implies
a steady-state real interest rate of approximately 10 percent per annum.
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the general impact of 3 on RL is similar to figure 1.4 The notable
difference is the absolute superiority of DIS over TP in our bench-
mark model, independently of 5. In order to get a critical value of 3
for which DIS and TP produce equal losses, other parameters of the
benchmark model have to be adjusted such that they favor TP, e.g.,
by reducing w as explained below. Hence, figure 2 provides evidence
that the use of unconditional expectations does not bias the results
toward lower losses for discretionary policy. For reasons presented in
section 3.1, we focus on unconditional expectations in this section.

3.3.2  Output-Gap Weight w

In Barro and Gordon (1983b), the traditional inflation bias increases
in the weight on the output gap, while the optimal stabilization
policies are identical both under discretion and under commitment.
In our intertemporal model without structural inefficiences, how-
ever, the optimal stabilization policies are different under DIS and
COM/TP. The history dependence of TP in (10) improves the mon-
etary authority’s short-run output/inflation trade-off in each period
because it makes today’s output gap enter tomorrow’s optimal pol-
icy with the opposite sign, but with the same weight w/« in both
periods. Hence, optimal current inflation depends on the change in
the output gap under TP, but only on the contemporaneous output
gap under DIS. This way, rule-based policymaking eliminates the
stabilization bias and reduces the relative variance of inflation and
output gap, which is a prominent result in the literature.'®

The short-run costs from TP arise because the monetary author-
ity must be tough on inflation in the initial period. These short-run
costs increase with the weight on the output gap w.'® The long-run
gains from TP are caused by the size of the stabilization bias and
the importance of its elimination given by the preferences in the loss
function. Equation (10) shows that increasing w implies a softer pol-
icy on inflation today but is followed by a tougher policy tomorrow.
Although the effect of tomorrow’s policy is discounted by the private
sector with (3, the size of the stabilization bias—i.e., the neglection of

The use of conditional expectations requires setting the initial conditions—
i.e., y—1 and up—to specific values. In figure 2, y_1 = —0.02 and up = 0.

'5See, e.g., Dennis and Soderstrom (2006) and Woodford (1999).

16The optimal output gap y; under DIS is decreasing in w; see equation (6).
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Figure 3. Variation of Weight on the Output Gap w,
TP vs. DIS
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the possibility to spread shocks over several periods—appears to be
largely independent from w. However, the reduction in the relative
variance of inflation due to TP becomes less important the larger the
weight on the variance of the output gap in the loss function—i.e.,
the long-run gains from TP decrease in w.

In the benchmark model of figure 3, RL initially decreases from
0 for w = 0 with increasing w.!” But for reasonable values of w—i.e.,
w > 0.0009 in the benchmark model—RL increases in the preference
for output stabilization since short-run costs increase and long-run
gains decrease in the weight on the output gap (increasing w). DIS
even outperforms TP for w > 5.28, which is an extraordinarily large
value empirically, however.!®

3.3.8  Price Rigidity

Proposition 1 states that DIS and TP are equivalent for perfectly
flexible prices; i.e., ( = 0 or @ — 00, respectively. Increasing price

1"Note the magnifying glass in figure 3.
'8 RL may approach 0 again for w — oo, the (unreasonable) case of an “employ-
ment nutter.”
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Figure 4. Variation of Degree of Price Rigidity ¢,
TP vs. DIS
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rigidity—i.e., increasing (—has two effects: First, firms’ price setting
becomes more forward looking because they have fewer opportunities
to adjust their prices. This effect favors TP over DIS for increasing ¢
because TP optimally incorporates forward-looking expectations.
Second, more rigid prices imply a flatter Phillips curve, and thus
the requirement of TP to be tough on inflation already in the initial
period becomes more costly. Hence, the left-hand side of (11), the
short-run losses from TP over DIS, increases. Figure 4 demonstrates
that for ¢ > 0.660, the second effect becomes more important and
for ¢ > 0.959, the second effect even dominates the first one.'”

Based on the discussion of the literature in Walsh (2003), com-
mon estimates for price rigidity lie within o € [0.01;0.10]; i.e.,
¢ € [0.909;0.733]. In this range, figure 4 shows that RL increases
with the firms’ probability of not being able to reset their price, (,
and exceeds 0 for ¢ > 0.959 or a < 0.002.

9Gince the relationship between ¢ and a given by equation (2) also depends
on [, there is a qualitatively irrelevant and quantitatively negligible difference
between varying the probability of no change in a firm’s price, {, and directly
varying the output-gap coefficient in the Phillips curve, a.
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Figure 5. Variation of Degree of Serial Correlation p,
TP vs. DIS
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3.8.4 Correlation of Shocks p

The analysis of the influence of serial correlation in cost-push shocks,
p, is more complex. L prg exceeds Lp in the benchmark model with
p = 0, and raising p ceteris paribus strengthens the advantage of TP
as demonstrated in the solid line in figure 5. If shocks become more
persistent, their impact on future outcomes increases, and thus TP
gains relative to DIS because it accounts for these effects in a supe-
rior way. The long-run gains from TP dominate its short-run losses,
and RL decreases with p.

However, the relationship between p and RL is not independent
of the other parameters in the model, while the relationships between
RL and S, ¢, and w, respectively, appear to be robust to alterna-
tive specifications of other parameters. Broadly speaking, as long as
Lprs > Lpp for p = 0, varying p results in a diagram similar to
the solid line in figure 5; i.e., Lpss > Lpp for all p € [0;1), and RL
decreases in p.

On the contrary, an appropriate combination of G, {, and w can
lead to Lprg < Lpp for p = 0. For example, the combination of
a low discount factor with rigid prices and a high preference for
output-gap stabilization—such as the values 8 = 0.97,( = 0.91, and
w = 0.25 reported from the literature in table 1—results in RL > 0.
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In this case, a picture symmetric to the horizontal axis emerges, as
shown by the dashed line in figure 5.2° That means that a higher
degree of serial correlation only strengthens the dominance of either
TP or DIS already present without serial correlation. Hence, serial
correlation on its own does not seem to be able to overcome the
result of the trade-off between short-run losses and long-run gains
from TP implied by the other parameter values.?!

3.4 Effects of Initial Conditions

As argued in section 3.1, we have to use conditional expectations of
L in (3) in order to investigate the effects of the initial conditions—
i.e., the previous output gap y_; and the current cost-push shock
up—on the relative performance of policy rules. Figure 6 presents
the relative loss RL = Lr1p/Lprs — 1 conditional on y_; and ug in
the range between —0.05 and 0.05 from different viewpoints.??

Starting from the steady state with y_1 = wug = 0 where
RL = —0.0666 in the benchmark model, increasing the absolute
value of the initial lagged output gap |y_1| increases the short-run
cost from following TP instead of DIS and leaves long-run gains
unaffected: While my prs = yo,prs = 0 from (12) and (13), 7o, 7p and
Yo, 7p deviate from their target values as can be seen from the history
dependence of (10) or the MSV solution (16) and (17). Hence, TP
becomes suboptimal under conditional expectations for sufficiently
large |y—_1|. Note also that this short-run cost is symmetric to the
steady-state value y_1 = 0 (see figures 6A and 6B).

If in addition to |y_i| > 0 a cost-push shock |ug| > 0 hits the
economy, the absolute losses under both DIS and TP increase. Since
TP allows an optimal combination of the short-run cost from TP,
the inclusion of |y_1| > 0 in (10), with the possibility to spread the

20For parameter combinations that result in Lprs in the neighborhood of L7p
for p = 0, increasing p has hardly any influence on RL, but for high degrees of
serial correlation from about p > 0.8, RL increases rapidly.

21This shows that the results in McCallum and Nelson (2004, p. 48), who
only report the relationship visible from the solid line in figure 5, do not hold in
general.

2ZFigure 6A offers the complete three-dimensional perspective of RL with an
additional plane marking RL = 0; figure 6B turns to the y_; — RL perspective
and figure 6C to the up — RL perspective; figure 6D provides the birds-eye view,
with the shaded area signaling RL < 0.



Vol. 6 No. 2 Discretion Rather Than Rules? 21

Figure 6. RL Depending on y_; and wug
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impact of the initial shock |ug| > 0 over several periods, a larger
shock ug alleviates the short-run cost from TP. Hence, the relative

loss RL from TP decreases in |ug| for any given |y_1| > 0 (see figures
6A and 6C).
However, this effect is weaker the closer |y_1]| is to 0, as can be

seen from the lines in figure 6C: the smaller RL is at ug = 0 because
of a smaller given |y_1[, the less bent is the respective line depict-

ing RL. If y_; = 0, the size of |uo| has no influence on RL anymore
since DIS and TP do not differ in ¢ = 0.23 In this case, RL is parallel

?3To be precise, the policy “rules” (6) and (10) do not differ in ¢t = 0, but the
losses differ because of the more favorable output/inflation trade-off through the
impact of TP on Epm in (1). This benefit of TP is part of the long-run gains,
however, because it is also present under COM.
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to the wgp-axis. While ug still influences the absolute loss values L
under both policies and how these losses are spread over time under
TP, it has no influence on the relative gain from TP as measured by
Ti, which is solely determined by the long-run gains from TP for
y-1=0.

The shaded area in figure 6D summarizes the previous infor-
mation, as it illustrates all combinations of ug and y_; for which
RL < 0. DIS is superior to TP for all other combinations of ug and
Y-1. -

Note that RL is symmetric both to y_; = 0 for any given 1y and
to ug = 0 for any given y_;. Under DIS, y_; has no impact because
(6) is not history dependent and ug only influences the respective
period loss Lg, which is the weighted sum of the variances 73 and
y2. Hence, Lps is independent of y_; and symmetric to ug = 0.

Under TP, however, the history dependence of (9) makes y_; and
ug influence current and future losses. While the transitional dynam-
ics differ with the relative sign of ug and y_1, the total absolute
loss Lrp does not for any given combination of |y_1| and |ug|. If
the economy was in a recession (y_; < 0) in the previous period,
for example,?* the price to pay under TP is to decrease g through
dampening yo with a ceteris paribus restrictive monetary policy that
lowers aggregate demand.

Scenario 1. If additionally a negative cost-push shock ug < 0
hits the economy—i.e., with the same sign as y_1 < 0—this shock
lowers 7 further as the Phillips curve (1) is shifted downward from
its steady-state locus. At the same time, ug < 0 increases yo ceteris
paribus,?® brings yg closer to the target of 0, and thus reduces the
price to pay for TP in the next periods ¢t = 1,.... The anticipation
of this policy in turn lowers inflation expectations Eym; compared
with the steady state. Therefore, the Phillips curve shifts even fur-
ther down and the output gap yo closes even more in the resulting
equilibrium.

24The following arguments run in a completely analogous manner for y_; > 0
(see Sauer 2010).

ZFormally, partial derivatives of (16) and (17) with respect to both state vari-
ables (y:—1,u:) show that both have the same qualitative effect on m and an
opposing effect on y;: 0w /Oy—1 = @ > 0 and Om/Ouy = 5 >0

1
v—B(p+d
while Jy:/0y:—1 = § > 0 and Jy:/Our = W&M)) < 0.
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Figure 7. Discounted Per-Period Loss Values Lrp ; for
ly—1| and |uo]

Scenario 2. If, however, the initial cost-push shock wug is
positive—i.e., of opposite sign to y_; < 0—the transitional dynamics
are reversed. The Phillips curve (1) is shifted upward. In contrast to
scenario 1 with ug < 0, this reduces the negative impact of y_1 on mg
but increases yg. Hence, the price to pay under TP in ¢t = 1 is larger
than in scenario 1, which in turn also lowers inflation expectations
FEym; by more. The additional shift of the Phillips curve downward
is thus larger than for ug < 0.

Figure 7 presents the discounted period losses under TP for both
cases in the benchmark model. The behavior of the economy as
described above causes a larger loss in the initial period for the
first scenario with sign(y_1) = sign(ug) compared with the case
with sign(y_1) = —sign(ug) because the expectations channel has a
smaller impact; but it causes a reversal of the magnitude of losses
for ¢ > 1 because the price to pay for TP then is larger until the
period loss converges to its unconditional value. Since the sum of
the discounted losses, however, is equal in both scenarios, Lrp is
symmetric to ug = 0 given y_; and to y_; = 0 given uy.

To summarize, figure 6 presents the influences of the initial con-
ditions on the relative performance of TP and DIS and the rest
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of this section provides intuitive explanations of the effects present
in the model. RL becomes positive—i.e., DIS performs better than
TP—in the benchmark model for quite realistic values of the initial
conditions, e.g., RL > 0 for ly—1| = 0.015 and |ug| = 0.01. Hence,
it may not be welfare increasing for an economy to switch from DIS
to TP if it is not close to its steady state.

The previous sections 3.2 and 3.3 demonstrated, based on uncon-
ditional expectations as welfare criterion, the possibility that DIS
outperforms TP for some rather extreme combinations of parame-
ters. This section has highlighted three points: First, the use of
conditional expectations as a welfare criterion may have important
consequences for the evaluation of different policies (see also Kim et
al. 2008; Schmitt-Grohé and Uribe 2004, for example). Second, the
relevance of the results presented in this paper may be non-negligible
in practice given that already small deviations from the steady
state suffice to make discretion superior to the timeless-perspective
rule. Third, other papers have shown that a timeless-perspective
rule exists that is optimal for all combinations of parameters under
unconditional expectations as welfare criterion (Blake 2001; Dam-
janovic, Damjanovic, and Nolan 2008; Jensen and McCallum 2002;
Sauer 2007). However, this rule results in a diagram that is simi-
lar to figure 6 when its performance is evaluated for different initial
conditions under conditional expectations (see Sauer 2007). For any
timeless rule, initial conditions and hence the short-run costs can be
sufficiently adverse to make the rule inferior to discretion.

4. Conclusion

This paper explores the theoretical implications of the timeless-
perspective policy rule and discretionary policy under varying
parameters in the New Keynesian model. With the comparison of
short-run gains from discretion over rule-based policy and long-run
losses from discretion, we have provided a framework in which to
think about the impact of different parameters on monetary policy
rules versus discretion. This framework allows intuitive economic
explanations of the effects at work.

Already Blake (2001), Jensen (2003), and Jensen and McCallum
(2002) provide evidence that a policy rule following the timeless
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perspective can cause larger losses than purely discretionary modes
of monetary policymaking in special circumstances. But none of
these contributions considers an economic explanation for this rather
unfamiliar result, let alone analyzes the relevant parameters as rig-
orously as this paper.

What recommendations for economic policymaking can be
derived? Most importantly, the timeless perspective in its standard
formulation is not optimal for all economies at all times. Consider-
ing each parameter separately, the critical values obtained in this
paper require a lower discount factor, a greater degree of price rigid-
ity, or a higher preference for output stabilization than calibrated
or estimated in most of the literature. But if an economy features a
combination of these characteristics and in particular a sufficiently
large deviation from its steady state, the long-run losses from dis-
cretion may be less relevant than previously thought. In this case,
discretionary monetary policy appears preferable over the timeless
perspective.

In an overall laudatory review of Woodford (2003), Walsh (2005)
argues that Woodford’s book “will be widely recognized as the defini-
tive treatise on the new Keynesian approach to monetary policy.” He
criticizes the book, however, for its lack of an analysis of the poten-
tial short-run costs of adopting the timeless-perspective rule. Walsh
(2005) sees these short-run costs arising from incomplete credibility
of the central bank. Our analysis has completely abstracted from
such credibility effects and still found potentially significant short-
run costs from the timeless perspective. Obviously, if the private
sector does not fully believe in the monetary authority’s commit-
ment, the losses from sticking to a rule relative to discretionary
policy are even greater than in the model used in this paper. One
way to incorporate such issues is to assume that the private sec-
tor has to learn the monetary policy rule. Evans and Honkapohja
(2001) provide a convenient framework to analyze this question in
more detail.

Appendix. Derivation of Lrp

The unconditional loss for the timeless perspective, equation (21),
can be derived in several steps. The MSV solution (16) and (17)
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depends on two state variables, y;_1 and u;. From the conjectured
solution in (15), we have

Ely?] = 651 E[yi 1] + 032E[u7] + 2021022 Elys—1u¢). (23)

E[yt—1uy] can be calculated from (15) with u = puy_1 + € as

Elyi—1us] = E[(¢21yt—2 + da2(pus—2 + €1—1))(pur—1 + €)]

=F | ¢o1p Yr—2us—1 +d2a | p* Up—1Ut—2 +pus_1€1-1 +3-0,
—— ——— ~——

=Eys—1u¢] =po? =o2
(24)
since the white-noise shock ¢; is uncorrelated with anything from
the past. Solving for Ely;_ju;] with 02 = 1_1p2 o? gives
P22p 1 2

Elyi—1u) = (25)

: o
1—¢o1p 1-p?

Plugging this into (23), using E[y?] = E[y? ,] = E[y?] and
¢21, P22 from the MSV solution (17) leaves

2021 ¢35 1
E 21 2 2
[y ] (¢22 + 1 _ ¢21p 1 _ p2 g

1= ¢35,
21496 1
S 2a(+p) S (26)
w?(1=02)(1=dp)ly = B(6+p)* 1-p
From the conjectured solution in (14), we have

E[r}] = 61, E[y7 1] + 012E[u}] + 2011612 E[ys—1ue). (27)

Combining this with the previous results and the MSV solution (16)
results in

1

201~ p) 1 o2
Q+0)1—0p)y—BO+p2 1—p2 7" (28)

Hence, L7p as the weighted sum of E[r?] and E[y?] is given by

E[r?] =

_ 2w =0)(1—p) +a*(l+dp) 1 .
b= Sa = o —po+pr 1= 7
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and a negative output gap, the optimal central bank response is
highly controversial. The very nature of a cost-push shock gives rise
to a dilemma for the central bank. The bank can either ease its mon-
etary policy to accommodate the negative output gap or tighten it
to fight the upsurge in inflation. Under what conditions will a cen-
tral bank decide to pursue the first strategy rather than the second?
This paper aims to show that the optimal response to a cost-push
shock is driven by the communication regime followed by the central
bank.

During the 1970s, as the price for oil rose dramatically, many
countries experienced large positive cost-push shocks. In an empiri-
cal analysis, Clarida, Gali, and Gertler (2000) show that the Federal
Reserve eased its monetary policy in response to these oil shocks.
Indeed, they argue (p. 168) that “it is hard to imagine . . . that the
1973 oil shock alone could have generated high inflation . . . in the
absence of an accommodating monetary policy.” While these authors
show that monetary policy was accommodative in the pre-Volcker
era and restrictive during the Volcker-Greenspan era, their paper
does not provide any rationale for such a change. More generally,
it remains unclear why monetary policy apparently accommodated
the large positive cost-push shocks in the 1970s but not in the 1990s.

Over the last decades, there has been a switch in central banks’
communication strategy: from secrecy toward greater transparency.l
We show that such a change in transparency has strong implications
for how to optimally deal with a cost-push shock: the optimal policy
a central bank should adopt in response to a cost-push shock depends
upon its disclosure regime. De Long (1997) largely documents the
evolution in the perception of the response to be adopted in the
event of a cost-push shock. He underlines central bankers’ concern
for the impact of a restrictive monetary policy on output and, more
particularly, on unemployment. Our model shows that the trade-off
between inflation and output strongly depends on the level of trans-
parency in the economy. In the case of opacity, the trade-off does not
promote inflation stabilization. Given opaque communication, the

!An emblematic example is the publication of the monetary instrument by
the Federal Reserve from 1994 on. The increase in transparency in the conduct
of monetary policy in recent years is studied by Dincer and Eichengreen (2006)
and Eijffinger and Geraats (2006).
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central bank can only reduce inflation at the cost of a strong decrease
in output. Increasing the central bank’s transparency reduces the
cost of stabilizing inflation. De Long argues that the main rea-
son for the inflation in the ’70s lies in the “shadow of the Great
Depression.” Our model suggests that the central banks in the "70s
had good reasons to fear recession (De Long 1997) or to emphasize
output-gap stabilization (Orphanides 2005). The opacity character-
izing policy at that time would have caused strong contractions in
output.

We propose a monetary policy model under monopolistic com-
petition with heterogeneous information on the cost-push shocks
affecting the economy. We base our analysis on the literature in the
vein of Adam (2007), Hellwig (2002), Morris and Shin (2002), and
Woodford (2003) who—among others—recently emphasized that,
in an economy characterized by strategic complementarities, hetero-
geneous information can lead to realistic dynamics of transmission
mechanisms.? Our approach is unique in that we analyze the role of
the central bank’s communication regime for the conduct of mone-
tary policy under the imperfect-information hypothesis. We consider
a central bank that has no inflationary bias and whose preferences
are perfectly known by the private sector.® Both the central bank
and firms are uncertain about the true state of the economy and
receive private signals on cost-push shocks. We assume that the
communication regime of the central bank is exogenous and defined
as follows. The central bank can be transparent, disclosing all the
information it has about the macroeconomic conditions. Or it can be
opaque, in the sense that it does not disclose any information about
macroeconomic conditions. We can also distinguish any intermedi-
ate situation in which the central bank discloses information about
macroeconomic conditions in a more or less ambiguous manner.*
Firms receive a signal on the monetary instrument of the central
bank according to the degree of transparency of the central bank

2See also Mankiw and Reis (2002).

3We concentrate on well-established and credible central banks, i.e., without
inflationary bias. This is natural in the current context of central bank inde-
pendence and historically—and durable—low levels of inflation of most OECD
countries.

4The notion of transparency considered in this paper is therefore economic
transparency according to the classification of Geraats (2002).
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with respect to its policy. While the central bank’s disclosure does
not contain any valuable information under opacity, the monetary
instrument is common knowledge among firms under transparency.
Taking into account the potentially informative role of the mone-
tary instrument® is in line with empirical evidence.® We derive the
optimal monetary policy depending on the communication regime of
the central bank (opacity vs. transparency cases and any intermedi-
ate situation) when imperfect information is responsible for money
non-neutrality.

The model is as follows. In an economy where firms’ prices are
strategic complements, the effectiveness of monetary policy on the
pricing rule of firms is driven by the disclosure of the central bank,
since it determines the fundamental and strategic uncertainty sur-
rounding its monetary instrument. The information disclosed by the
central bank influences the reaction of the price level to monetary
policy and thus influences the extent to which the central bank
can deal with the trade-off generated by cost-push shocks. Under
transparency, as the monetary instrument is common knowledge
among firms, optimal monetary policy always contracts the nominal
demand. In contrast, opacity increases fundamental and strategic
uncertainty about the central bank’s action, thereby reducing the
effectiveness of monetary policy on the price level. Contracting the
nominal demand is ineffective for reducing the price level. The cen-
tral bank may find it optimal to reduce the output gap by expanding
its instrument.” However, opacity is not a sufficient condition for the
optimal monetary policy to be accommodative. The sign of the pol-
icy coefficient depends on the relationship between the degree of

5Here our work relates to Baeriswyl and Cornand (2006) and Walsh (2006,
2007), who consider that the monetary instrument is both an action and a vehicle
for information.

In an empirical analysis of U.S. data, Romer and Romer (2000) show that
the observation of the monetary instrument highly influences the formation of
market expectations. Moreover, Demiralp and Jorda (2002) emphasize the rele-
vance of central bank communication to manipulate market expectations. They
show, in particular, that the publication of the instrument rate targeted by the
policy board of the Federal Reserve since 1994 has increased the effectiveness of
monetary policy to shape market expectations (via an announcement effect).

"While Goodfriend and King (2005) argue that the lack of a central bank’s
credibility increases the cost of disinflation, our analysis emphasizes the role of a
central bank’s transparency as a determinant of the costs of inflation stabilization.
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strategic complementarities, the preference of the central bank for
output-gap stabilization, and the relative precision of firms’ private
information.

The remainder of this paper is structured as follows. Section 2
outlines a monopolistic-competition economy, in which firms’ pric-
ing decisions represent strategic complements. Section 3 considers a
benchmark case under common information and develops intuition
for our main result. Section 4 examines the case of heterogeneous
information and shows that the optimal monetary policy under opac-
ity may be to accommodate a cost-push shock. We also show that
small changes in the degree of transparency or in preferences may
have large effects on the optimal monetary policy. Finally, section 5
concludes.

2. The Economy

The model is derived from an economy with flexible prices, popu-
lated by a continuum of monopolistic competitive firms and a central
bank. The economy is affected by stochastic cost-push shocks that
are normally distributed:

U~ N(0,0’i).

Nominal aggregate demand is determined by the monetary instru-
ment [ set by the central bank.

2.1 Firms

The behavior of firms consists in choosing a price. Under monopolis-
tic competition a la Dixit-Stiglitz, firms set their price as a function
of their expectations of the overall price level p, the real output gap
y, and the cost-push shock u.® One can show that the optimal price
of firm ¢ is given by

pi = Eilp + &y + 1], (1)

where variables are expressed as percentage deviations from the
deterministic steady state. The pricing rule (1) captures the strate-
gic complementarities in prices. Indeed, each firm 7 sets its price

8For the microfounded derivation, see Adam (2007) or Woodford (2003).
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according to its expectation about both fundamentals (the output
gap y and the cost-push shock u) and the average action of others,
the overall price level p.

The parameter £ determines to what extent the optimal price
responds to the output gap. As we assume below, the central bank
determines the nominal aggregate demand through its monetary
instrument . Using the fact that the nominal aggregate demand
I is by definition equal to y + p, we rewrite the pricing rule (1) as

pi = Ei[(1 = &)p + &1 + ul. (2)

In the whole paper, we realistically assume that prices are strate-
gic complements and impose 0 < & < 1. When ¢ decreases, the
optimal price setting responds less strongly to fundamentals (I and
u) and more strongly to the strategic term, the overall price level p:
the degree of strategic complementarities increases.

While prices are flexible in our model, heterogeneous informa-
tion among firms may account for non-neutral effects of monetary
policy. Indeed, Hellwig (2002) or Woodford (2003) show that the
lack of information about each other’s expectations (higher-order
uncertainty) yields nominal adjustment delays of prices.

2.2 (Central Bank

Following much of the literature, we assume that the central bank
minimizes the deviation of both the output gap y and the price level
p from their respective target owing to its monetary instrument 1.
The central bank’s optimization problem corresponding to flexible
inflation targeting can be described by its loss,

L = min Eep[A\y? + p?], (3)

where X is the weight assigned to the output-gap variability.

Note that the central bank has no incentive to push the out-
put above its natural level. For the sake of simplicity, as mentioned
above, we assume that the central bank directly controls the nominal
aggregate demand with its monetary instrument I.
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3. Common Information

Standard monetary policy analysis assumes that information is com-
mon knowledge among firms. While this paper deals with monetary
policy under heterogeneous information, the current section derives,
as a benchmark, the optimal monetary policy under common knowl-
edge.

When information is perfect and common to all firms, each firm
sets the same price (p; = p). The pricing rule (2) then simplifies to

1
i =p=1+-u.
pi=Dp + §u
The impact of cost-push shocks u on the price level increases with the
degree of strategic complementarities 1 —&. When £ is small, nominal
aggregate demand is given a lower weight in the pricing rule, which
increases the relative weight assigned to cost-push shocks.

The central bank chooses its instrument to minimize its loss
(3) based on its signal on the cost-push shock: u.p = u + p, with
p ~ N(0, O'Z). The monetary instrument is linear in central bank’s
signal uep: I = vuep, where v stands for the monetary policy coef-
ficient. When the central bank has perfect information about the
shock, its monetary instrument simplifies to I = vu.

The loss under perfect information can be written as

2 2
1 1
L=)\|—u +[<+y)u] ,
( £ > §
and minimizing it yields the following optimal monetary policy:

v=—-. (4)
§
The corresponding unconditional expected loss is a function of the
variance of cost-push shocks:

A
The optimal monetary policy coefficient v states that the central
bank contracts nominal aggregate demand by —% when the cost-
push shock increases by one unit. Contracting aggregate demand
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whenever cost-push shocks are positive is known as leaning against
the wind.? As the price level increases in the case of a positive
cost-push shock, the central bank contracts the nominal aggregate
demand to stabilize it. The strength of the central bank’s response
increases with the degree of strategic complementarities.

The optimal monetary policy derived in this section illustrates
that under common information, the central bank finds it optimal
to stabilize the price level. By contrast, as we shall see in the next
section, when the monetary instrument is not common knowledge
among firms, optimal monetary policy may call for output-gap sta-
bilization.

4. Heterogeneous Information

We now turn to the more realistic case where firms have heteroge-
neous information about the state of the economy. We apply the
methodology of Morris and Shin (2002) to our optimal monetary
policy framework. These authors emphasize the relevance of public
information in an economy characterized by strategic complemen-
tarities and heterogeneous information.

4.1 Information Structure

The information structure in the economy is as follows. Let’s recall
that the central bank receives a private signal on the cost-push shock
that deviates from the true fundamental value by an error term that
is normally distributed:

Uep = U + 1, with ,uwN(O,ai).

9There is wide agreement among economists that a good monetary policy
typically calls for leaning against the wind. The general idea is to keep inflation
under control by contracting the economy or equivalently taking a restrictive
action whenever inflation is above target. Note that some authors adopt other
definitions for this expression. For instance, Schwartz (2003, p. 1025) argues that
“the Fed should ‘lean against the wind,” by taking restrictive action during peri-
ods of economic expansion and expansionary action during periods of economic
contraction.” By contrast, Clarida, Gali, and Gertler (1999, p. 1672) say that
“the central bank pursues a ‘lean against the wind’ policy: Whenever inflation is
above target, contract demand below capacity (by raising the interest rate).”
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The central bank chooses its instrument to minimize (3). The
optimal instrument rule of the central bank is a linear function of
its signal and can be written as

I=v(u+p). (5)

Each firm 7 receives a private signal on the cost-push shock u;.
The private signal of each firm deviates from the true cost-push
shock by an error term that is normally distributed:

u; = u + p;, with p; ~ N(O,J?)),

where p; are identically and independently distributed across firms.

In addition to their private signal about the cost-push shock,
firms get a signal on the monetary instrument.!® The information
conveyed by the central bank’s disclosure depends upon its degree
of transparency with respect to its monetary instrument. Each firm
i receives a signal on the central bank assessment about the state of
the economy that is written, for the sake of generality, as

Di =D +¢; = u+ p+ ¢;, with ¢; ~ N(0,0),

where 03) captures the uncertainty surrounding the monetary instru-
ment in the economy. We assume that the communication regime (or
degree of transparency of the central bank) is exogenous.'! Since
firms are rational, they know the policy coefficient v and can infer
the instrument implemented by the central bank from their signal
on its economic assessment. When the central bank is transparent,
all firms perfectly infer the true instrument (i.e., 03) — 0) and it
becomes common knowledge among them. By contrast, under opac-
ity (i.e., O'(% — 00), the central bank’s disclosure does not contain any
valuable information. This increases the uncertainty of firms about
the instrument.

!0This feature is empirically well documented by Romer and Romer (2000).

1A normative analysis of welfare goes beyond the scope of this paper. This
paper simply aims at showing that the optimal response to cost-push shocks
depends upon the disclosure regime of the central bank. When the central
bank directly discloses its economic assessment, the signaling role of its mon-
etary instrument becomes redundant, which allows to abstract from considering
strategic distortions of the instrument.
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Historically, central banks used to be extremely opaque and
recently have become more and more transparent about their instru-
ment. For example, before February 1994, the Federal Reserve did
not publicly report on the federal funds rate it was targeting. In
this context, the private sector had to infer the policy decisions of
the Federal Open Market Committee from the market operations
conducted by the trading desk of the Federal Reserve. This lack of
transparency was a source of fundamental uncertainty about the rate
targeted by the Federal Reserve and of strategic uncertainty about
the beliefs of others about this target.

4.2 Equilibrium

To determine the perfect Bayesian equilibrium behavior of firms, we
recall the optimal pricing rule (2) for convenience and substitute
successively the average price level with higher-order expectations
about the cost-push shock and the monetary instrument:

pi = E;[(1 —&)p+u+ &l

=E, u+51+(1—g)[E[u+§I+(1—§) [I_E[u+§f+...]]]H.

We denote by E;(.) the expectation operator of firm i conditional on
its information and by E(.) the average expectation operator such
that E(.) = [, E;(.)di. With heterogeneous information, the law of
iterated expectations fails since expectations of higher order do not
collapse to the average expectation of degree one.'? Thus, we rewrite
the pricing rule as

[ee]

Pi = Z(l — OFEED (u + £1)],

k=0

and averaging over firms yields

p= (1= E*(u+el)], (6)

0

128ee Morris and Shin (2002).
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where E*) stands for the higher-order expectation of degree k. We
use the following notation of higher-order expectations: E(9)(z) =
is the expected variable z itself, EM) (z) = E(z) is the average expec-
tation of z, E? (z) = EE(M(z) = EE(z) is the average expectation
of the average expectation of z, and so on.

In order to solve the inference problem of each firm

El(U,I) = E[u, I\uz, Dz],

we define from the formula for conditional expectations of jointly
normal random variables the corresponding covariance matrix Vx4
and the relevant submatrices

A\ A\
V — uu uo ,
<VEO VOO
where Vy, is the covariance matrix for unobservable (u, I) vari-
ables, Vo the covariance matrix between unobservable (u, I) and
observable (u;, D;) variables, and Vo the covariance matrix for
observable (u;, D;) variables. The expectation of both the cost-push

shock and the instrument conditional on the information set of firm
1 is given by

U _ U; \ Qi Qi Uy
ei o) = (5) = (0 02) ()

Uiai—&-o‘ioi o‘ioi
. o‘ioi+aﬁa§+oioi+oio%+a%ai 0305+0305+0302+0305+0302
- ua’io’?5 V("i"i""’i”i"""i”i)
o2 02 +o02 0‘% +030’i -‘r[fﬁ J%—I—J%o‘i o2 a'ﬁ—l—aﬁ o‘ﬁ—&—o‘iai—&-o‘ﬁ Ug +0§0i

(). o

where Q = Vo, Vo4d.
We express the price equation (6) as

[ee]

p=>0-9* | 9azt (1)),

k=0
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—

where the matrix E is given by the first-order expectation of the
cost-push shock u and the average central bank disclosure D:

U ) = W O 2 Uj
2(p ) mer)=2(5)= (i fo) (5)

The perfect Bayesian equilibrium yields the linear price setting of
firm i (see the appendix for the derivation of optimal coefficients):

pi =muw +72D;  with (8)
oy = (1%5)72921 + Q11 + €9
1 1- (-0
(=2 + Qia + EQ20
= =9 '
1— TQQQ

The optimal monetary policy consists of choosing the instrument
(5) that minimizes the loss (3) subject to the price rule (8).

According to (3), the central bank minimizes the unconditional
expected loss:

E(L) = var(p) + X - var(y). 9)

The optimal monetary policy will depend on the degree of the
central bank’s transparency. We derive the optimal monetary policy
first under opacity and then under transparency.

4.8 Optimal Monetary Policy under Opacity

Under opacity (afb — 00), firms do not observe the monetary instru-
ment. They are, however, aware that the central bank responds to
cost-push shocks according to its information, and they rationally
use their private information u; to infer the monetary instrument 1.

In that case, the second column of © in (7) consists of zeros, as
the central bank’s disclosure does not contain any valuable informa-
tion. The solution to the inference problem of each firm boils down

to
N (m), _[Eer)
u; | = 0y u; = b0 Uj.

2 2
Ju+0p

E;(u,I) =E (}‘
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Plugging this into equation (6) yields

p=Y (1-FQT (1 + &)
k=0
Ql(l —i—fl/) O'IZL

1-(1 _f)Qluz ag+§gi<1+§y)u:71u- (10)

The optimal monetary policy consists of choosing the instrument
(5) that minimizes the unconditional expected loss (9) subject to the
price rule (10). The variance of the price level is simply given by

var(p) = 7o,

while the variance of the output gap is

var(y) = (v —y)%02 + I/ZO'i.
The fixed-point solution to this optimization problem yields the

following equilibrium price setting for firm i:

bi = muy
2 2 4 | ¢2 4 2 222 | 4 2 )
_ dan 0,0, + & o,0, + 280,050, + 0,0, + oy, ”
T 52 4 g2 €246 2,4 2,452 25252 4,2 0
§ou + o, §on+ Aono, + A Pouop + 2X8oq 050, + Aayo,

while the optimal monetary policy satisfies

4_2 6
Ao, 0, — &0y,

v= .
&206 + )\0303 + /\520302 + 2)\&730%03 + )\U‘plaﬁ

(11)

Interestingly, under opacity, the optimal monetary policy coeffi-
cient (11) can be positive or negative depending on the parameter
configuration. As discussed above, cost-push shocks create a trade-
off between price and output-gap stabilization. The central bank
disclosure influences the reaction of the price level to monetary pol-
icy and thereby the trade-off the central bank faces. Opacity reduces
the effectiveness of monetary policy on the price level as it increases
fundamental and strategic uncertainty of firms about the central
bank’s action. Under opacity, the central bank’s influence on the
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price level is limited, as firms do not observe its instrument. So,
contracting the aggregate demand is ineffective to reduce the price
level and the central bank may find it optimal to reduce the nega-
tive output gap (instead of the price level) by increasing aggregate
demand (i.e., v > 0).

Yet opacity is not a sufficient condition for monetary policy to be
accommodative. The sign of the policy coefficient (11) depends on
the relation between the degree of strategic complementarities 1 —¢&,
the preference of the central bank for output-gap stabilization A,
and the relative precision of firm’s information oi /o2 In particular,
the following condition holds:

2
%p
O-'LL
We propose to call the case where v > 0 the blow with the wind pol-
icy, according to which the central bank expands nominal aggregate
demand whenever cost-push shocks are positive. We now discuss the
conditions for v > 0.

4.3.1 Degree of Strategic Complementarities

The policy coefficient is positive when complementarities are high
(€ low). As opacity alleviates the effectiveness of monetary policy
on the price level, strong complementarities reduce it even further.
When the degree of strategic complementarities in the economy is
high, higher-order expectations are given an increasing weight in the
price setting. This exacerbates strategic uncertainty about the mon-
etary instrument that characterizes opacity and reduces the effec-
tiveness of monetary policy to stabilize the price level. This renders
price-level stabilization ineffective compared with output-gap stabi-
lization, and the central bank then faces a trade-off that incites it
to stabilize the output gap rather than the price level (i.e., v > 0).

4.8.2  Precision of Private Information

When the relative precision of firms’ private information increases
(O‘% /o2 falls), fundamental and strategic uncertainty of firms about
the monetary instrument decreases. The reduction of uncertainty
renders monetary policy more effective to stabilize the price level,
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Figure 1. Phillips Curves and Economic Outcomes under
Opacity: Impact of Strategic Complementarities
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and the trade-off favors leaning against the wind. This increases
the incentive of the central bank to reduce price deviation. Firms
also respond more strongly to cost-push shocks with more accu-
rate information. This implies that the strength of the central
bank’s response increases: the absolute value of the policy coefficient
rises.

4.3.8 Central Bank’s Preference

Finally, when the central bank is more inclined toward price stabi-
lization, the incentive of the central bank to contract the nominal
demand in order to reduce the price level increases in a very intuitive
way. Then leaning against the wind is preferred to blowing with the
wind.

We can now interpret former monetary policy issues in terms
of Phillips curves, as shown in figure 1. The latter describe the
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price-output combinations the central bank can achieve with its
policy. Since the degree of transparency drives the effectiveness
of monetary policy to stabilize prices, it also shapes the slope of
Phillips curves. Figure 1 is computed with O'i = UZ = 02/2 and
A=1 (03) — oo under opacity) for three levels of strategic comple-
mentarities. As opacity enhances uncertainty about the monetary
instrument, its effectiveness is driven by the degree of strategic com-
plementarities 1 — £ and the precision of firms’ information aﬁ Jo2.
More particularly, when complementarities are extremely strong or
the precision of firms’ information is nearly zero (£ — 0 or O'% — 00),
the effectiveness of monetary policy on prices is highly limited
and the corresponding Phillips curve is horizontal (dotted line).
Suppose that the economic outcome in the absence of central bank
intervention is written as O. When the central bank is opaque, the
degree of complementarities relatively strong, and firms’ information
not too accurate, condition (12) says that the optimal monetary
policy is expansive. The resulting economic outcomes are written
as A and B in figure 1. Reducing complementarities or increasing
precision of firms’ information reduces uncertainty (or its impact)
and raises the slope of the Phillips curve under opacity (dashed line
and solid line in figure 1). When firms’ information is very accurate
(62 — 0), the curve is vertical. The slope of the Phillips curve deter-
mines whether the monetary policy is expansive (points A and B)
or contractive (point C).

4.4 Optimal Monetary Policy under Transparency

This section derives the optimal monetary policy when the mone-
tary instrument is common knowledge among firms. In the case of
full transparency (03> = 0), the solution to the inference problem of
firm ¢ is given by

U ‘ _f Q1 Q2 Usj
2 wr)= (s o) (B)

2 2 2 _2

Tu0L 7.9, u
_ 2,2 252 252 2,2 2,2 252
— cruau—&—auap—kapau O'UO'/’L—‘rO'uG'p-f—G'pO'# D A

0 v
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The equilibrium pricing rule (8) is described by

olo?

2

@ up

2 2 2 2 2,2 % 2.2 2 2 252
fauau +oy05+ 0,07 {(ﬁoua# +og0,+ O'#O'p)

2
oo

Pi
(13)

Minimizing the unconditional expected loss (9) subject to firms’
pricing rule (13) yields the following optimal monetary policy:

1 03 <0
V= ———t .
§oi+o2

The optimal policy under transparency coincides with the standard
monetary policy analysis consisting in leaning against the wind.
Indeed, standard literature assumes that the instrument is common
knowledge among firms (firms know the monetary instrument imple-
mented by the central bank) but appears as a particular case in our
framework (i.e., transparency case).

4.5 Increase in Central Bank Transparency

While the former analysis is restricted to extreme disclosure strate-
gies (i.e., opacity vs. transparency), the current section discusses the
case of intermediate levels of transparency (0 < ai < 00). More par-
ticularly, we examine the impact of an increase in transparency of
the central bank’s monetary instrument on the optimal monetary
policy. We show that small variations in transparency or in the cen-
tral bank’s preferences can have large effects on the optimal conduct
of monetary policy.

Figure 2 illustrates the economic outcome for different degrees of
transparency. The parameter values are O'i = 03 =02/2, £ =0.25,
and A = 1. The dotted line represents the possible price-output
combinations for a fully transparent central bank. In this case, since
monetary policy is common knowledge among firms, the Phillips
curve is vertical. The solid line is the Phillips curve for full opacity.
The dashed line represents an intermediate degree of transparency.
The slope of the curve falls with strategic complementarities and
rises with the precision of firms’ private information and with the
degree of transparency. Under opacity and when the curve is rela-
tively flat, the optimal monetary policy is expansive and leads to the
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Figure 2. Phillips Curves and Economic Outcomes:
Impact of Transparency (A = 1)

2.5 L T = T ' 1
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+ = intermediate transparency - 3
ob = full opacity Z

economic outcome indicated by point A. Interestingly, this analysis
suggests that a central bank acting under opacity and choosing the
economic outcome written A goes for the blow against the wind
policy: while inflation expectations rise because of a positive cost-
push shock, the central bank expands nominal aggregate demand,
which exacerbates the rise in inflation. Econometricians examining
such time series would conclude, as do Clarida, Gali, and Gertler
(2000) for the 1970s, that the central bank is accommodative. By
contrast, when transparency increases or when complementarities
weaken or when firms’ information is more accurate, the Phillips
curve becomes steeper. This yields a contractive optimal monetary
policy (point B). Finally, with full transparency, the policy is always
contractive and the outcome is given by C.

Figure 3 illustrates the case where the central bank is more

2

inclined toward price stabilization. The parameter values are o;, =
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Figure 3. Phillips Curves and Economic Outcomes:
Impact of Transparency (A = 0.3)
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03 = 02/2, £ = 0.25, and A = 0.3. The optimal monetary policy

may be restrictive even for an opaque central bank. Point A shows
the outcome resulting from a contractive monetary policy.

5. Concluding Remarks

Our model highlights the relevance of a central bank’s disclosure
for the effectiveness of monetary policy in an economy characterized
by strategic complementarities and heterogeneous information. The
high inflation of the 1970s is usually rationalized within the Barro-
Gordon framework. This literature presumes that the high-inflation
episode comes from the incentive of the central bank to push the out-
put above its natural level and to cheat the private sector. In this
context, most of the literature has called for transparency in order
to achieve credibility. In contrast, we show that, even in the absence
of an inflationary bias, a credible central bank may find it optimal
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to accommodate monetary policy in response to a cost-push shock
whenever the uncertainty surrounding its monetary instrument is
high. In particular, central bank opacity linked to some preference
for output-gap stabilization yields an optimal monetary policy that
accommodates a cost-push shock. As the central bank faces a trade-
off between price and output-gap stabilization, its disclosure influ-
ences the effectiveness of its policy and thus whether it will focus
on price or on output-gap stabilization. An accommodating policy
can be attributed to the lack of transparency and not necessarily to
the lack of credibility. Second, our analysis highlights the fact that
transparency is not just a means to enhance central bank credibility
but also plays a crucial role in the optimality of monetary policy
implemented by a fully credible central bank.

Appendix. Linear Pricing Rule

This appendix solves the perfect Bayesian equilibrium for the pricing
rule of firms given by equation (8).

We first postulate, as in Morris and Shin (2002), that the optimal
price of firm 7 is a linear combination of its two signals:

pi = Y1ui + 2 D;. (14)
The optimal weights v, and 2 depend on firms’ expectations about

the pricing behavior of other firms. The conditional estimate of the
average price is therefore given by

Ez(p) = VlEi(u) + ’YQEi(D). (15)

Plugging F;(p) into the pricing rule (2) and replacing the expecta-
tions of firm ¢ about u, D, and I yields

pi = Ei[(1 = &p+u -+l
= (1 =& MmEi(u) + 7Ei(D)] + E;(u) + £E; (1)

Q Q
= (1= 9) (@ + a0 72 (22 + 220, |

+ Quu; + Qi9D; 4+ EQo1u; + EQ22 D
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Rearranging gives

Di = U; [(1 —-§) (’71911 + 729 1> + Q1 + 5921]

2021

v
Qoo

+D; [(1-¢) 71912-1-’}’27 + Q12 + Q02| .

Identifying the coefficients, we get

@%921 + Q11 + &0

e 1-(1-&0n
(=812 + Qg + Q20
2= = '
1-— TQQQ

This system of equations is equivalent to (8) in the main text.
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This article examines the impact of stock market perfor-
mance on the investment policy of pension funds. We find that
stock market performance affects the asset allocation of Dutch
pension funds in two ways. In the short term, outperformance
of equities over bonds and other investment categories auto-
matically results in a higher actual equity allocation (and vice
versa), as pension funds do not continuously rebalance their
investment portfolios. Each quarter, pension funds rebalance,
on average, around 39 percent of excess equity returns, leav-
ing 61 percent for free floating. In the medium term, outper-
formance of equities induces pension funds to increase their
strategic equity allocation (and vice versa). These findings sug-
gest that the investment policies of pension funds are partially
driven by the cyclical performance of the stock market. We also
find that rebalancing is much stronger after negative equity
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returns, indicating that pension funds respond asymmetri-
cally to stock market shocks. Furthermore, investment poli-
cies of large funds deviate from those of small funds: large
funds hold more equity and their equity allocation is more
strongly affected by actual equity returns, reflecting less rebal-
ancing. The largest funds react highly asymmetrically to equity
returns. Their positive excess equity returns lead to adjust-
ments in equity portfolios of more than 100 percent, reflecting
“overshooting” of free floating, or positive-feedback trading.
Apparently, managers of large funds have greater risk toler-
ance, particularly in bull markets.

JEL Codes: G11, G23.

1. Introduction

The optimal equity allocation of pension funds is subject to consid-
erable debate. A high percentage of assets invested in equities results
in significant exposure of pension wealth to fluctuations in stock mar-
ket prices. While nominal defined-benefit pension liabilities can be
hedged by investing in the replicating portfolio of fixed-income secu-
rities, considerable equity holdings may be optimal when indexation
of benefits is contingent on the funding ratio of the pension fund.!
During the 1990s abundant equity returns led to premium reductions
and even contribution holidays for pension plan sponsors. However,
the risks of equity holdings surfaced after the collapse of the stock
market in 2000-02, which resulted in large losses for pension funds.
In reaction, pension benefits were curtailed and contributions steeply
increased. This episode raised a debate on the investment strategies
of Dutch pension funds and, particularly, on their exposure to equity
markets.

Nominal defined-benefit pension liabilities can be hedged by investing in the
replicating portfolio of fixed-income securities such as nominal government bonds
and interest rate swaps. In contrast, defined-benefit pension liabilities that are
fully indexed to prices can be replicated by investing in inflation-linked bonds. In
many Dutch defined-benefit pension deals, indexation is contingent on the fund-
ing ratio of the pension fund. The market value of this contingent indexation can
be derived using option-pricing theory. In this case it might be optimal to have
considerable equity exposure; see, e.g., Broeders (2006).
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Table 1. Pension Fund Strategic and Actual Asset
Allocation (1999:Q1-2006:Q4; in %)

Average Average

Asset Strategic Asset| Standard | Actual Asset| Standard

Classes Allocation Deviation| Allocation | Deviation
Equities 42 15 41 15
Bonds 39 20 45 19
Real Estate 10 6 10 6
Cash 1 11 1 10
Other 8 11 3 11
Total 100 100
Note: The asset shares are averages over Dutch pension funds, weighted by total
investments.
Source: De Nederlandsche Bank.

The investment strategy of Dutch pension funds is of key impor-
tance to society, as it involves more than €600 billion in assets,
or over €37,500 per inhabitant. The way in which these assets are
invested has a significant influence on the level of required premiums
or final benefits. A 1 percent lower annual return over the life cycle
of a typical worker translates into 27 percent lower accumulated
pension assets.? Consequently, one of the most important responsi-
bilities of pension funds’ trustees is to maximize the expected return
on assets at an acceptable level of risk, e.g., measured in terms of
the probability of underfunding.

This study investigates whether stock market performance influ-
ences pension funds’ investment policies. In particular, we examine
two ways in which stock market performance impacts the equity
allocation of pension funds: (i) in the short term, as a result of mar-
ket timing or imperfect rebalancing, and (ii) in the medium term,
as a result of adjustments to the strategic asset allocation.

Table 1 presents the asset allocation of Dutch pension funds over
the following five broad classes: equities, bonds, real estate, cash, and
other assets. Pension fund investment policy includes the strategic

2The three main components determining the costs of pensions are the quality
of the pension scheme, the rate of return on investments, and administrative and
investment costs (see also Bikker and De Dreu 2009).
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asset allocation decision, which refers to choosing the investment
percentages in each asset class. Of the aforementioned asset classes,
equities have the highest expected return but also the highest volatil-
ity. For most pension funds, equities are the largest asset category.
Consequently, equity allocation is one of the key policy variables
determining the risk-return profile of a given pension fund.

Pension funds generally determine their strategic asset allocation
policies using asset and liability management studies, in which they
consider long-term expected returns, return variances, and covari-
ances of broad asset classes, given the size and characteristics of
their pension liabilities; see, e.g., Campbell and Viceira (2002).3
The strategic asset allocation is typically set on a three- to five-
year horizon. For many pension funds, the strategic asset allocation
includes bandwidths for the actual asset allocation to drift. For this
purpose a tactical risk budget can be made available. These band-
widths are chosen in such a way that the maximum ex ante tracking
error does not exceed a given threshold. This tracking error (TE)
is usually defined as TE = w'3w, where w is the vector of actual
portfolio weights minus the vector of strategic portfolio allocation
and X is the variance-covariance matrix. In this article, rebalancing
is interpreted as a return to the midpoint of these bandwidths.

As investment opportunities change over time, deviations in
expected returns from their long-term averages may warrant changes
in the investment mix.# Choosing actual portfolio weights that devi-
ate from the strategic asset allocation is known as “tactical asset
allocation” or “market timing.” Market timing refers to taking short-
term (informed) bets on the relative asset class returns. It can be
implemented through actually buying and selling the underlying
securities, although in practice, derivatives are also commonly used
as an efficient way to change a fund’s asset allocation. However, the
potential extra return through market timing is limited, as indicated

3Shefrin and Statman (2000) use behavioral finance theory to explain the asset
allocation of pension funds. They argue that investors build portfolios as pyra-
mids of assets, layer by layer. In contrast to mean-variance theory, covariance
between asset classes is generally ignored, resulting in suboptimal portfolios.

1Predictability in expected asset returns may affect the optimal portfolio
choice of investors with long horizons (see, e.g., Barberis 2000; Pastor and Stam-
baugh 2001).
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Figure 1. The Impact of Stock Market Performance on
Equity Allocation
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also by the so-called fundamental law of active management; see
Grinold and Kahn (1999).5

This study examines the impact that higher or lower returns on
stocks compared with the other asset categories have on the equity
allocation of pension funds. To the best of our knowledge, this is the
first study that examines this relationship. Figure 1 shows the var-
ious factors that influence the equity allocation of pension funds.
Over the long term, equity allocation is determined by a fund’s
strategic asset allocation. However, several factors influence asset
allocation in the short to medium term. We distinguish the follow-
ing three equity investment strategies that pension funds may use to

5This law states that the information ratio equals the information coefficient
times the square root of the number of independent investment decisions. The
information ratio is the risk-adjusted excess return over a passive investment
strategy. An information ratio of 0.5, which is considered high, requires that asset
managers earn a 50-basis-points excess return (“alpha”) per 1 percent of residual
risk on a yearly basis. The information coefficient measures the skill of the asset
manager and is defined as the correlation between his forecasts on investment
returns and the actual outcomes. The number of independent investment deci-
sions is four, if the pension fund makes quarterly market-timing decisions. To
generate a market-timing information ratio of 0.5 requires, in that case, an infor-
mation coefficient of 0.25, which is considered extremely high. It would require
the asset manager to forecast the direction of the stock market correctly 63 out of
100 times and adjust his portfolio likewise. Therefore, the potential added value of
market timing is limited. In addition, such a strategy would involve (substantial)
transaction costs.
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respond to positive or negative stock market returns: rebalancing,
free float, and market timing.

Rebalancing refers to the investment process applied to ensure
that a fund’s actual equity allocation continuously equals its strate-
gic equity allocation, which implies selling equities after relatively
high stock market returns and buying after relatively low equity
returns. This might also be indicated as a form of negative-feedback
trading, referring to buying past losers and selling past winners; see,
e.g., Lakonishok, Schleifer, and Vishny (1992). This form of trad-
ing is commonly a part of the argument that institutional investors
stabilize asset prices. By contrast, we use free float to indicate a pas-
sive investment strategy, in which pension funds allow their equity
allocation to drift with market developments.® Finally, as mentioned
above, market timing refers to a temporary higher or lower weight-
ing of equities (or other asset classes) relative to the pension fund’s
strategic asset allocation, motivated by short-term return expec-
tations. Note that where no equity trades are made, it is difficult
to distinguish between free float (passive management) and market
timing (active management), as allowing the asset allocation to drift
could be seen as an active investment decision.

A number of studies show that strategic asset allocation domi-
nates portfolio performance. In particular, strategic asset allocation
is shown to explain more than 90 percent of the variability in pension
fund returns over time, while the additional variation explained by
market timing is less than 5 percent (Blake, Lehmann, and Timmer-
mann 1999; Brinson, Hood, and Beebower 1986; Brinson, Singer, and
Beebower 1991; Ibbotson and Kaplan 2000). Moreover, in line with
the efficient-market theory, evidence shows that pension funds are
unsuccessful in exploiting market timing to generate excess returns.
In particular, market timing is shown to cause an average loss of 20—
66 basis points per year (Blake, Lehmann, and Timmermann 1999;

5Pension funds can rebalance continuously, thereby ensuring that their asset
allocation always matches their strategic asset allocation. However, pension funds
are known to use rebalancing strategies, which have some free-float component.
Examples include calendar rebalancing, whereby pension funds rebalance their
portfolio back to its strategic weights at regular intervals, and band rebalancing,
whereby pension funds create bands around each asset class and rebalance their
portfolio as soon as one asset class breaches its band.
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Brinson, Hood, and Beebower 1986; Brinson, Singer, and Beebower
1991; Daniel et al. 1997).

While a number of empirical studies examine the impact of invest-
ment policy on returns,” very few papers investigate the impact of
market developments on investment policy. Blake, Lehmann, and
Timmermann (1999) and Kakes (2006) report a negative correla-
tion between asset class returns and net cash flows to the corre-
sponding asset class, which points to rebalancing. However, Blake,
Lehmann, and Timmermann (1999) also find that the asset allocation
for UK pension funds drifts toward asset classes that performed rela-
tively well, in line with a free-float strategy. Apparently, UK pension
funds only partly rebalanced their investments in response to different
returns across asset categories. Hence, the degree of rebalancing versus
free float in pension fund asset allocation remains an open question.

This article uses quarterly data from Dutch pension funds over
1999:Q1-2006:QQ4. Although this period is relatively short, it con-
tains a significant stock market bubble as well as a burst. Figure 2
presents a preview of the empirical results, depicting the strategic
and the actual equity allocation for Dutch pension funds, as well as
the MSCI World Index. Three patterns stand out from this figure.
First, the actual equity allocation tends to have a pattern similar
to the MSCI World Index but with some reversion to the strategic
asset allocation. Generally, actual equity allocation increases when
the stock market goes up, and vice versa. The main explanation for
this pattern is that pension funds tend to rebalance their asset allo-
cation only partly in response to changes in the value of their equity
portfolio.

Second, figure 2 points to interaction between stock market
performance and strategic asset allocation. The strategic equity
allocation appears to follow the performance of the equity market,

"The literature investigating the effectiveness of stock picking and market tim-
ing in improving investment performance is extensive. Most studies focus on U.S.
mutual funds and find that fund managers are not able to exploit selectivity and
timing to generate excess returns (e.g., Fama 1972, Henriksson and Merton 1981,
Kon 1983, and Kon and Jen 1979). Agnew, Balduzzi, and Sundén (2003) report
that equity allocations of participants in 401(k) plans are positively related to the
previous day’s equity return (feedback trading). However, no significant correla-
tion is found between changes in equity allocations and returns over the following
three days, suggesting the absence of market-timing abilities.
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Figure 2. Stock Market Returns and Equity Investments
(1999:Q1-2006:Q4)
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although only gradually and with a time lag. Following the stock
market boom in the second half of the 1990s, the strategic equity
allocation increased until the end of 2001 but decreased from 2002
to 2003 in response to the fall of the stock market that started
in 2000. A possible explanation is that pension funds adjust their
investment policies based on recent stock market performance. Pos-
itive excess returns increase the pension fund’s buffer so that, as a
consequence, regulatory rules also allow for a higher proportion of
the more risky equity investments. Apparently, pension funds make
use of this opportunity and adjust their strategic asset allocation
accordingly.

Third, the figure suggests that pension funds may have lost
money from market timing over the business cycle. They seem to
have gradually increased their equity allocation until the downturn
of the stock market was well under way, confronting them with rel-
atively large losses. Conversely, pension funds did not significantly
increase their equity allocation portfolio investments to reap the full
benefit of the subsequent upward stock market trend.
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The structure of this article is as follows. Section 2 presents the
data used in the analyses. Section 3 investigates the influence of
market movements on asset allocation, whereas rebalancing is more
closely examined in section 4. The next section analyzes the rela-
tionship between stock market returns and strategic asset allocation.
Finally, the last section summarizes and concludes.

2. Description of the Data

We use a detailed data set with quarterly information on all Dutch
pension funds for the 1999:Q1-2006:Q4 period. The data is from De
Nederlandsche Bank, responsible for the prudential supervision of
the pension funds and their regulatory compliance. For each pension
fund, data is available on strategic asset allocation, asset sales and
purchases, the market value of investments in different asset classes,
and their time-weighted returns. We use self-reported returns, as
well as the MSCI World total return index denominated in euros,
to assess the impact of equity returns on actual and strategic equity
allocation. The sample is an unbalanced panel, as not all pension
funds reported data for the entire sample period due to new entrants,
mergers, terminations, and reporting failures. Since our aim is to
study asset allocation over time, we exclude pension funds with less
than two years of data. Finally, we exclude inconsistent observations
and observations with clear reporting errors.

Our final sample includes data on 748 pension funds from
1999:Q1-2006:QQ4, representing around 85 percent of total pension
fund assets in the Netherlands. Table 2 presents summary statistics
on the investment portfolios of pension funds in our sample. The
size of pension funds in the sample is hugely divergent: the small-
est pension funds have assets worth less than €1 million, while the
largest fund has assets of more than €200 billion. The average and
median sizes of pension fund assets equal €799 million and €53 mil-
lion, respectively. We distinguish between size classes and types of
pension funds and between types of pension plans. Small funds tend
to invest relatively less in equity compared with larger funds, and
more in bonds, reflecting lower risk appetite. Although large in num-
ber (70 percent of the sample), small funds administer only a minor
share (less than 3 percent) of all pension fund investments.
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Our sample includes 631 company funds, 95 industry-wide funds,
and 10 professional group funds.® Compulsory industry funds are
largest in terms of investments. All pension fund categories invest
between 41 and 45 percent in equity. Company funds and pro-
fessional group funds invest relatively more in bonds than other
types of funds, reflecting their stronger risk aversion. Industry
funds invest substantially more in real estate. On average, defined-
benefit funds have higher equity and lower bond investments than
defined-contribution funds, suggesting that defined-benefit funds
may take higher risks since they can benefit from intergenerational
risk sharing.

Columns 5 and 6 indicate how, respectively, the actual and
strategic equity allocation vary over time. For the average pension
fund, the range of the actual equity allocation is 16 percent and that
of the strategic equity allocation is 13 percent. Thus, both actual and
strategic equity allocation move significantly over time. The last col-
umn shows that the difference between strategic and actual equity
allocation is, on average, 0.8 percentage point.

Table 3 shows that the strategic and actual equity allocation
differ significantly across pension funds. A small majority of funds
invest 20—40 percent of their assets in equities. A quarter of the funds
invest more than 40 percent in equities, while around one-fifth of the
funds invest less than 20 percent in equities.

3. Relative Stock Market Returns and Short-Term
Changes in Equity Allocation

To start our empirical analysis, this section examines the short-term
impact of stock market performance on equity allocation. Over time,
actual equity allocation may change either (i) due to excess returns
on equities compared with other asset classes (free floating) or (ii)
due to net purchases or net sales of equities (rebalancing and market

8 Company funds provide pension plans to the employees of their sponsor com-
pany. They are separate legal entities but are run by the sponsor company and
employee representatives. Industry funds provide pension plans for employees
working in an industry. Such pension plans are based on a collective labor agree-
ment between an industry’s companies and the labor unions, representing the
employees in this industry. Finally, professional group funds offer pension schemes
to specific professional groups (e.g., general practitioners, public notaries).



64 International Journal of Central Banking June 2010

Table 3. Frequency Distribution of Equity Allocation
across Pension Funds (1999:Q1-2006:Q4; in %)

Frequency Distribution of Pension
Funds, Based on Their:
Investment-in-Equity Equity Allocation Actual Equity
Classes Strategy Allocation
0-20 15.2 20.4
20-40 55.6 53.6
40-60 26.3 23.8
60-80 2.4 1.9
80-100 0.4 0.3
Total 100.0 100.0

timing). To investigate the impact of relative stock market returns on
pension funds’ equity allocation, we estimate the following equation:

w; e = o + Efzoﬁj (rf_j — r;-":t_]-) + y1Policy; +—1

+ 51Si26i,t,1 + AlFundingiyt,l + €i¢- (1)

The dependent variable w; ; is the actual percentage of the port-
folio invested in equities of pension fund ¢ (¢ = 1,..., N) at quarter
t (t =1,...,T). The variable (r¥ — rT) is used to measure excess
stock market returns compared with other investment categories on
a quarterly basis. For stock market return (rf) we use either the
return on the MSCI World equity index or the pension funds’ self-
reported equity performance. For the average return on the pension
fund portfolio’s other asset categories (r!), we multiply the strate-
gic asset allocation of four key asset classes by representative broad
market indexes.? Again, the alternative is to use the pension funds’

9We consider five investment categories: equities, bonds, real estate, money
market instruments, and other assets. For bonds we use the JP Morgan EMU
bond index, for real estate we use the FTSE EPRA Netherlands real estate
index, and for money market investments we use the three-month Euribor
interest rate. We assume that the fifth category, “other assets,” is propor-
tionally invested in the previous four investment categories (or has a sim-
ilar return). We calculate excess returns as follows: excess return = return
MSCI — [(return on bonds * bond investments + return on real estate * real
estate investments + three-months Euribor * money market investments)/(bond
investments + real estate investments + money market investments)].
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self-reported performance on the respective asset classes. We con-
sider two variants of equation (1). The base model is without lagged
stock market returns (k = 0), whereas alternatively, we include
excess stock market returns with time lags (k = 5) to investigate the
influence of past returns on pension funds’ equity investments. The
strategic equity allocation (Policy), also expressed as a percentage, is
included to control for pension fund investment policy. Size, which is
measured as the logarithm of the total investment portfolio, controls
for the tendency of larger funds to invest relatively more in equities.
Funding, calculated as total investments/discounted pension liabil-
ities, is included because funds with a higher buffer are allowed to
invest more in equities. Policy, Size, and Funding are included with
one time lag to avoid endogeneity problems and since it may take
some time before changes in these variables lead to changes in the
equity portfolio investment. As stated before, the panel is unbal-
anced, which implies that the number of observations varies across
pension funds.

3.1  Empirical Results of the Impact of Stock Returns on
Actual Equity Allocation

Table 4 presents estimates of the impact of short-term excess
stock returns on the percentage of equity portfolio investments,
using equation (1). The measure of excess stock returns in this
table is based on the pension funds’ self-reported asset returns.
A 1-percentage-point outperformance of the pension funds’ equities
leads to a significant increase in equity allocation of 0.12 percent-
age point in the subsequent quarter (first column). The second col-
umn shows that excess equity returns also have a (highly) significant
impact on the equity allocation up to five quarters later. The impact
decreases over time, indicating that pension funds rebalance gradu-
ally or infrequently. If a pension fund invests 40 percent in equity, a
1 percent rise of stock prices would imply an increase of the weight of
stocks by 0.24 percentage point (being 40.4/100.4 minus 40/100)—
that is, as long as no adjustments are made. In this example, the
observed 0.12-percentage-point effect of excess returns on pension
funds’ equity implies that only half the excess is rebalanced and that
the other half of the equity weight moves in tandem with stock prices.

Table 4 reveals also that a 1-percentage-point increase in
the strategic equity allocation causes a significant rise of around
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0.90 percentage point in actual equity portfolio investments in the
next period. As one would expect, pension fund investment managers
adjust their equity portfolio investments almost fully in response
to changes in the strategic equity allocation. The positive sign for
the size of investments affirms that larger funds invest relatively
more in equities (see also table 1), except within the medium-sized
funds class, where the sign becomes negative. A possible explana-
tion is that large pension funds tend to be less risk averse than
small pension funds, which also holds within the classes of small and
large funds. Finally, in line with expectations, the funding ratio has
a highly significant positive coefficient, indicating that funds with
larger buffers invest more in equities. As equities are more risky,
regulation requires larger buffers for this asset class.

If we consider the investment behavior across size classes (last
three columns), where size classes are defined as in table 2, we
observe that the impact of excess stock market returns on equity
allocation increases with the pension fund size, both immediately
and in the long run. Apparently, large funds allow more free float-
ing, whereas smaller funds rebalance more. In line with this result,
larger funds react less to changes in the investment policy, compared
with smaller funds.

4. Excess Stock Market Returns and Rebalancing

The positive impact of excess equity returns on equity allocation in
the previous section may be (partly) due to imperfect rebalancing by
pension funds. Excess equity performance will automatically lead to
changes in equity allocation if pension funds do not actively rebal-
ance their investment portfolios fully. This section presents an empir-
ical rebalancing model, which is used to estimate to what extent
pension funds rebalance—that is, readjust—their asset allocation in
response to excess equity returns.'® This model is derived as follows,
starting from the definition of the actual equity allocation:

Wit = Ei7t/TAi,t, (2)

0An alternative approach to measure rebalancing based on pension’ funds
equity sales and purchases is presented in the appendix.
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where E;; represents the equity investments of pension fund 7 at
time t, and TA stands for total assets. Taking first differences of
equation (2), we obtain
Wit — Wit—1
E; Eii1 Eit— (1 + TiE,t + NCFft) Eii1
- TA; + - TA;+—1 - TAi,t_l(l —l—riT’t + NCFZ:t) B TA; +—1
(1+rf + NCF}) (1+rf, + NCF],)
— AT NCFT) T T (U T, NCFT)
(rB, —rF, + NCF, — NCF[,)
(L+rf, + NCFY,)

, (3)

= Wi, t—1

where NCFT is short for Net Cash Flows converted into new invest-
ments as a fraction of total investments, NCFF for new equity invest-
ments also as a fraction of equity investments, ¥ for the return on
equities over the last quarter, and r” for the return on total assets
(all for fund ¢ and quarter ¢). Dividing both sides by w; ;1 results in

E T E T
Wit — Wit—1 Tit — Tig NCF;, — NCF;,

= + .
W11 1+l + NCF], 1+rl,+ NCF],

(4)

This equation explains the percentage change in equity alloca-
tion by (i) excess equity returns and (ii) net cash flows to equities,
where both variables are scaled by the change in the total portfo-
lio size. The first right-hand term is exogenous, since excess returns
are determined by market developments and net cash flows into the
pension fund are based on (previously made) decisions by employers
and employees rather than on equity allocation. Given the small size
of pension fund investments relative to total stock market capitaliza-
tion, we can safely assume that changes in equity allocation do not
affect stock market returns. The second right-hand term, however,
is endogenous. While net cash flows to equity investments directly
influence the equity allocation of pension funds, the reverse can also
be true: changes in the equity allocation may sway pension funds
to adjust their net cash flows to equity investments. Thus, there
is mutual causality between changes in equity allocation and net
cash flows to equity investments. To estimate the impact of excess
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equity returns on equity allocation, we apply the above decomposi-
tion, ignoring the endogenous second right-hand term. This results
in the following empirical regression model:

E T

Wit — Wit—1 Tit —Tit
= Q2 + 52 T T
L+ri,+ NCF; ,

APolicyi t—1
_ it 5
+ 72 ( Policy.s» +eit (5)

The percentage change or growth in the strategic equity alloca-
tion (Policy) is included to control for changes in investment policy.
This variable is included with a time lag of one quarter, since it may
take some time before changes in policy lead to adjustments in the
actual equity portfolio investments. In equation (5), (5 estimates
the degree of free float or market timing so that 1 — 35 assesses the
rebalancing percentage. As an alternative model, we split the excess
equity return variable into positive and negative equity returns.
This allows us to observe possible asymmetric effects in response
to changes in excess equity returns.

4.1 Empirical Results of Rebalancing

Table 5 presents the estimated impact of excess equity returns on
equity allocation. The results show that pension funds rebalance,
on average, around 39 percent of excess equity returns, leaving 61
percent for free floating. Thus 61 percent of excess equity returns
translate into increases of the equity allocation in the next period.
This is roughly in line with what we have observed in table 4. Col-
umn 2 shows that pension funds rebalance differently in response
to positive and negative equity returns. Only 13 percent of positive
equity returns are rebalanced, against 49 percent of negative equity
returns. Apparently, whereas pension funds do not automatically sell
equities in bull markets, they do tend to buy additional equities in
bear markets. In line with expectations, changes in policy affect the
actual allocation positively (significant at the 1 percent significance
level), with a lag of one quarter.

Columns 3-8 present the model estimates for the various size
classes. In line with the results of section 3.1, we observe that, in
the symmetric model variant, large funds, at 32 percent, rebalance
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less than the small and medium-sized funds (around 40 percent).
Consequently, large funds leave 68 percent for free floating. Changes
in the one-quarter-lagged strategic equity allocation (Policy) affect
actual allocation significantly (at the 1 percent significance level) for
the small funds only. If we turn to the asymmetric effects on excess
equity returns, we observe that the positive effects increase signifi-
cantly with pension fund size, while the negative effects are similar
across the size classes. The positive-returns coefficient for the largest
funds is, at 1.21, even above 1, indicating that large funds invest
additional funds in equities in response to positive excess returns
in the last month. This suggests that excess equity returns are per-
ceived by large pension funds to provide a positive signal for future
returns, leading pension funds to increase their stakes. This is in
line with results in table 4, which indicate that large funds respond
more strongly to excess equity returns than small ones. A possible
explanation is that managers of large funds have more freedom to
use market-timing strategies in response to market developments.
Quite remarkable, we observe that the strategic equity allocation
(although increasing for small and medium-sized pension funds) is
not increasing for large pension funds; e.g., compare 1999 with 2006.
This holds also for the actual equity allocation. Hence, the overshoot-
ing for large funds, as we have estimated in our paper, is apparently
not due to an increase in the strategic asset allocation over time.
Figure 3 presents the asymmetric relation between excess equity
returns and rebalancing discussed above.!! If pension funds used a
free-float strategy and did not rebalance at all, excess equity returns
would go in full to proportionate increases in equity allocation. This
is represented by the diagonal line. Instead, with full rebalancing,
excess equity returns would have no impact on equity allocation,
marked off on the x-axis. The curvature dividing the free-float and
rebalancing areas reflects the actual rebalancing behavior of Dutch
pension funds. Strikingly, rebalancing by pension funds depends on
both the sign and size of excess equity returns. Small positive equity
returns (of around 0 to 5 percent) are not rebalanced at all, but
the degree of rebalancing increases with the size of excess equity

1To estimate this figure we adjusted equation (5) by adding three additional
terms: squared excess equity returns and excess and squared equity returns mul-
tiplied with 0—1 dummies indicating positive and negative returns.
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Figure 3. Reaction of Pension Funds to Excess Equity
Returns: Rebalancing and Free Float
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returns. Instead, small negative returns (of around 0 to —10 percent)
are rebalanced for the largest part, but the degree of rebalancing
decreases with the size of negative excess returns.

5. Excess Stock Market Returns and Medium-Term
Changes in Strategic Equity Allocation

The previous two sections described the effects of excess equity
returns on actual equity allocation. This section investigates the
impact of (annual) stock market performance (ar® —ar®) on pension
funds’ strategic equity allocation (Policy). Therefore, we estimate
the following equation:

Policy; + = oz + 3 (arft — ariT’t) + y3Policy; +—1 + 035ize; -1 + € 4.
(6)

The excess stock market performance has been taken on an
annual basis, indicated by (ar® —arT), where a refers to annual. We
assume that the pension fund trustees base their policy on longer-
term measures of performance, as also reflected by the empirical
results. As above, Size controls for the tendency of larger funds to
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invest relatively more in equity portfolios. We also include a lag of
the dependent variable Policy, as we expect only gradual changes
in policy over time. Hence, the equation describes the quarterly
adjustments in policy.'?

5.1  Empirical Results of the Impact of Stock Market Returns
on Strategic Fquity Allocation

Table 6 shows the impact of excess stock market returns on strate-
gic equity allocation. The investment policy is adjusted significantly
in response to changes in equity returns, irrespective of whether
they are measured by the MSCI or by the actual investment returns
earned by pension funds. This shows that investment policy is not
constant over time but, to some extent, follows market developments.
The coefficient of the lagged dependent variable, 0.97, indicates that
slowly the strategic equity allocation reacts only to a small extent
to changes in the quarterly returns. On average, 97 percent of the
equity investment policy is determined by the previous quarter’s
investment policy, whereas market developments account for the
remaining 3 percent. These market developments, captured by the
yearly excess return, have a small but very significant impact, both
based on the MSCI and on the actual equity return of the pension
fund. Their final impact on equity investment policy over time is
0.25(= 0.007/(1 — 0.972)).

The size effect is also small but significant. While this equation
shows how investment policy is influenced by market developments,
it does not provide a model of the underlying investment policy
decisions, which are generally based on asset liability management
studies. The results across pension fund size classes are quite similar.

We used three alternative approaches to check the robustness of
our results.'? First, we estimated all equations employing the alter-
native measure of excess equity returns based on market indices.
Results were very close to the reported estimates based on self-
reported returns, indicating that, on average, actual asset returns

12 An alternative model, with first differences of Policy as the dependent vari-
able, instead of gradual adjustment, leads to similar estimation results (not
reported here).

13The tables of alternative estimates have not been reported here but are
available upon request by the authors.
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followed the same pattern as index returns. Second, we also ran
regressions for a balanced sample of a subset of 382 pension funds
that reported at least seven years of data. The regression results
were similar to those reported in tables 4-7 (table 7 appears in the
appendix), suggesting that survivorship bias is not a significant issue.
Third, we reestimated all regressions using fixed effects for pension
funds and years. The Hausman test rejected random effects. The
results are again fairly similar, except for table 6.1 Overall, these
results confirm that our outcomes are robust.

6. Conclusions

This article finds that stock market performance influences the asset
allocation of pension funds in two ways. In the short term, the out-
performance of equities over bonds and other investment categories
automatically results in higher equity allocation (and vice versa),
as pension funds do not continuously rebalance their asset alloca-
tion. Each quarter, pension funds rebalance, on average, around 39
percent of excess equity returns. The remaining 61 percent leads
to higher or lower equity allocation as a result of free floating;
these remaining excess equity returns are rebalanced in subsequent
quarters. In the medium term, outperformance of equities induces
pension funds to increase their strategic equity allocation (and vice
versa). Overall, our estimates indicate that the investment policy of
pension funds is partially driven by the (cyclical) performance of the
stock market. Apparently, pension funds suffer from myopic invest-
ment behavior: they tend to base investment decisions on recent
stock market performance rather than on long-term trends.

We also find that pension funds react asymmetrically to stock
market shocks. Equity reallocation is higher after underperformance
of equity investments than after outperformance. In particular, only
13 percent of positive excess equity returns is rebalanced, while 49
percent of negative shocks results in rebalancing. The former can
be indicated as a “buy on the dip” strategy and the latter as a
“the trend is your friend” approach. Thus, pension funds limit any

141n table 6, the coefficients’ levels of significance are substantially lower.
Apparently, the pension funds’ fixed effects picked up a part of the variation
in the explanatory variables.
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decline in equity allocation in response to underperformance, but
they allow higher exposures to equities when these outperform other
investments. Apparently, equity portfolio managers are able to con-
vince pension funds both to replenish their funds in bear markets
(to profit from low asset prices) and to increase the equity allocation
in bull markets (to take advantage of rising markets).

Large funds’ investment behavior is different from that of small
funds. They invest more in equity, and their equity allocation is
affected much more strongly by actual equity returns. The latter
implies that large funds rebalance less, possibly because managers
enjoy more freedom in implementing market-timing strategies. We
find asymmetric effects on excess equity returns, where the positive
effects increase significantly with pension fund size. The coefficient of
positive returns of the largest funds is, in fact, significantly above 1,
reflecting “overshooting” of free floating, or “positive-feedback trad-
ing.” A possible explanation is that managers of large funds have
more freedom to respond to market developments and, particularly
in bull markets, demonstrate great risk tolerance.

Appendix. Pension Funds’ Equity Purchases and Sales

An alternative procedure to estimate rebalancing is to use the pur-
chases and sales of equity investments as the dependent variable.
Equation (7) estimates the impact of excess equity returns on net
equity purchases or sales.

Equity purchases; s = o + P (rft — r;":t) + v4APolicy; 11
+ 54(P01icy17t,1 — wiytfl) + /\4Fundingi7t,1 + €t (7)

Equity purchases; + is defined as net equity purchases (+) or sales
(=) of fund i at quarter t as a percentage of total equity. The
explanatory variables are the same as before: (r? — rT) measures
excess stock market returns compared with other investment cat-
egories, w;; is the percentage of pension fund equity investments,
Policy is the strategic equity allocation, and Funding is the ratio of
total investments and discounted pension liabilities. Additionally, we
consider asymmetric effects of excess equity returns on equity trans-

actions. We control for changes in the strategic equity allocation
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(APolicy), for differences between the strategic equity allocation
(Policy —w) and actual equity investments (the “investment gap”),
and for the funding ratio, all lagged one quarter.

Table 7 presents evidence on rebalancing, as the percentage of
equity portfolio purchases and sales is significantly affected by excess
equity returns. Negative equity returns are the main force behind
this phenomenon (see column 3). The investment gap is also a sig-
nificant driver of equity portfolio sales and purchases. Although the
rebalancing and investment-gap effects are significant, only a tiny
portion of the variation in equity portfolio sales and purchases is
explained by our model (see adjusted R?).

Turning to the size class estimates, we find less rebalancing
behavior of the larger funds compared with small funds. This is
further emphasized by the observation that larger funds also react
less than small funds to changes in the policy and investment gap.
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The Role of Asset Prices in Best-Practice
Monetary Policy*
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I study the role of asset prices in the conduct of mone-
tary policy under the commitment equilibrium. The findings
lend support to the lean-against-the-wind strategy in that it
is optimal for the central bank to set interest rates to respond
to asset-price movements. The gain from responding to asset
prices comes from the fact that asset-price movements can
provide a signal about the development in the state of the
economy. The paper also suggests that prior to and during the
subprime mortgage crisis of 2007, it would have been optimal
for the Federal Reserve to increase the weight of asset prices
in its rate-setting decision.

JEL Codes: E44, E52.

1. Introduction

The issue of asset prices in the conduct of monetary policy has come
back right to the fore of the debate following the subprime mortgage
crisis of 2007. After the sustained increase in house prices between
2001 and 2005, the booming housing market halted abruptly in the
late summer of 2005, which caused house prices to be flat for the rest
of 2005 and throughout 2006.* At the beginning of 2007, house prices

*I thank Lars Svensson for advice and support. I am indebted to comments
from Alan Blinder, Nobuhiro Kiyotaki, Masashi Saito, Hyun Shin, Chris Sims,
Helmut Wagner, Noah Williams, and seminar participants at the Bank for Inter-
national Settlements and the Federal Reserve Board. Correspondence: 18 True
Tower, Ratchadaphisek Rd., Huai Khwang, Bangkok 10310, Thailand; Tel: +66
2 699 2693; E-mail: rujikorn_pav@truecorp.co.th.

'"During 2001-05, the average year-on-year growth rate of the S&P/Case-
Shiller Home Price Index was 12.4 percent, with the number of existing homes
sold growing at an annual rate of 6.2 percent. The annualized number of existing
homes sold peaked at 6.3 million in September 2005. Subsequently, the number
of existing homes sold declined at an annual rate of 8.7 percent.
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started to decline, and the downward movement in house prices con-
tinued during 2007-08.2 This led to a sharp rise in the default rate,
especially on subprime mortgage loans made to high-risk borrowers.
Mortgage lenders who underwrote such loans and financial institu-
tions who bought collateralized debt obligations (CDOs) backed by
mortgage payments in turn suffered huge losses. In response to the
crisis, the Federal Reserve lowered the target for the federal funds
rate 50 basis points to 4.75 percent in September 2007, after main-
taining the target rate at 5.25 percent for fifteen months. Given that
the subprime mortgage crisis might have repercussions for other sec-
tors and might cause the economy to slip into a recession, the Federal
Reserve continued to lower the target federal funds rate in the two
remaining Federal Open Market Committee (FOMC) meetings in
2007.

This raises a question about how the central bank should conduct
monetary policy amid asset-price booms and busts. One prominent
approach suggested by several authors is for the central bank to
respond to asset-price movements only insofar as the latter affect
the forecast of inflation.® Under this notion, an appropriate mon-
etary policy strategy is to set short-term interest rates to respond
strongly to inflation, and there is little gain from responding directly
to asset prices.* This also implies that the central bank should not
attempt to strike down an asset-price boom. Instead, the central
bank should follow the “mop-up-after” strategy by being alert and
easing the monetary policy stance to alleviate the adverse effect from
a sharp fall in asset prices.

An alternative approach, proposed by the so-called lean-against-
the-wind camp, is that the central bank can improve macroeconomic

2From the second half of 2006, house prices, as measured by the S&P/Case-
Shiller Index, were flat, growing at 4.5 percent a year. However, since January
2007, the S&P /Case-Shiller Index has declined in every month. The median home
sale price collected by the National Association of Realtors, another measure of
house prices, peaked at $230,900 in June 2006 and has declined in every month
since at an annual rate of 2.5 percent.

3See Bernanke and Gertler (1999, 2001), Gilchrist and Leahy (2002), Tetlow
(2005), Gilchrist and Saito (2006), and Faia and Monacelli (2007). This idea is
also consistent with what was proposed by Alan Greenspan. See Greenspan (2002,
2005).

4To respond strongly to inflation means that the extent to which the central
bank raises the nominal interest rate is much larger than the increase in inflation.
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performance by setting short-term interest rates to respond to asset-
price movements. This implies that the central bank should raise
short-term interest rates as asset prices go up, even though other
target variables, such as inflation forecasts and employment, are
roughly on target.®

This paper examines how the central bank should take into
account asset-price movements in its interest-rate-setting process.
What distinguishes this paper from previous studies is that this
paper examines the role of asset prices in the conduct of monetary
policy in the commitment equilibrium.® Under the goal of main-
taining price stability and full employment, optimal policy under
commitment yields the best possible outcome that the central bank
is capable of implementing. The result in this paper thus provides an
implication on which strategy, mopping up after or leaning against
the wind, is optimal policy.

The present paper finds that the leaning-against-the-wind strat-
egy is optimal. In particular, from the standpoint of a central bank
whose objective is to maintain price stability and full employment,
it is optimal to set interest rates to respond to asset-price move-
ments. The reason, according to the analysis in this paper, is that
asset-price movements can provide signals about the development
in the state of the economy that the central bank cannot perfectly
observe. The results in this paper also suggest that before and dur-
ing the subprime mortgage crisis of 2007, in which it may have been
difficult for the Federal Reserve to perfectly verify creditworthiness
and risk premiums of U.S. households, the Federal Reserve should
have paid even more attention to asset-price movements. The useful-
ness of asset prices in the rate-setting process nonetheless depends
on the degree to which the central bank can verify the nature of
asset-price misalignments.

®See, for instance, Cecchetti et al. (2000) and Bordo and Jeanne (2002a,
2002b).

5The earlier literature conducts the analysis by relying on some preselected
sets of Taylor-type interest rate rules. Thus, the earlier literature is silent on what
is the optimal strategy amid asset-price booms and busts. Bordo and Jeanne
(2002a, 2002b) do not conduct their analysis on standard New Keynesian-type
DSGE models. Rather, they conduct their analysis in a stylized model with a
finite number of periods and thus do not derive the rational-expectations equi-
librium.
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The remainder of the paper proceeds in the following manner.
Section 2 sets up the model used for the analysis. Section 3 presents
the policy problem of a central bank who can commit, and pro-
vides an algorithm for computing optimal policy under commitment.
Section 4 considers whether it is optimal for the central bank to
respond to asset prices in a hypothetical world in which the cen-
tral bank can perfectly observe the state of the economy. Section 5
considers more realistic scenarios in which the assumption of full
information is relaxed. Under the partial-information case, the cen-
tral bank solves an optimal filtering problem, using asset prices as
an indicator. Section 6 examines whether the main findings in this
paper depend on some important assumptions. Section 7 concludes.

2. The Model Economy

The model used in the analysis is the one presented in Gilchrist
and Saito (2006) (henceforth, GS). The GS model is essentially a
standard New Keynesian model augmented to include credit-market
frictions through the financial accelerator mechanism described in
Bernanke, Gertler, and Gilchrist (1999) (henceforth, BGG). The
model consists of six sectors: households, entrepreneurs, retailers,
capital producers, the government, and the central bank. House-
holds consume, hold money, save in one-period riskless bonds, and
supply labor to entrepreneurs. Entrepreneurs manage the produc-
tion of wholesale goods, which requires capital constructed by capital
producers and labor supplied by both households and entrepreneurs.
Entrepreneurs purchase capital and finance the expenditures of capi-
tal with their net worth and debt. Entrepreneurs sell wholesale goods
to monopolistically competitive retailers who differentiate the prod-
uct slightly at zero resource cost. Each retailer then sets its price
and sells its differentiated product to households, capital producers,
entrepreneurs, and the government.

Rather than work through the details of the derivation, which are
readily available in GS, I instead directly introduce the log-linearized
version of the aggregate relationships of the model.

Table 1 provides a summary of the variables in the model.
Throughout, steady-state levels of the variables are in lower case
without time subscripts while log-deviations from the steady-state
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Table 1. Summary of the Model Variables

Variable Explanation

ct Consumption

2zt Productivity Growth

n Nominal Interest Rate

T Inflation

rF Real Rate of Return on Capital
Yt Output

k41 Capital at the End of Period ¢
mcy Real Marginal Cost

Qs Price of Capital

St External Finance Premium

Ngt1 Net Worth at the End of Period ¢
invg Investment

hy Labor Supply

€t Transitory Shock to Productivity
dy Persistent Component of Productivity
Uy Persistent Shock to Productivity
m Output Gap

Ty Natural Interest Rate

are in lower case with time subscripts. The corresponding hypothet-
ical levels of the variables in the frictionless economy are denoted
by an asterisk. Greek letters and lowercase Roman letters without
subscripts denote fixed parameters. Table 2 provides a summary of
the parameters as well as their baseline calibration.

The first equation is the log-linearized version of the national
income identity:

c nv,
Y = —C¢ + —invy. (1)
Yy Yy

Note that in the baseline calibration of the GS model, entre-
preneurs’ consumption and government spending are normalized to
zero. Model simulations conducted under the original BGG frame-
work imply that these simplifications are reasonable.

Households’ consumption is determined by a standard Euler
equation summarizing households’ optimal consumption-savings
allocation:
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Table 2. Baseline Calibration of the Model Parameters
and the Steady-State Level of Some Key Variables

Baseline

Parameter Explanation Calibration
I6] Discount Factor 0.984
« Labor Share 2/3
5 Inverse of Labor Supply Elasticity 0.8
6 Depreciation Rate 0.025
Nk Elasticity of Asset Prices 0.25
e/(e —1) Steady-State Markup 1.1
v Calvo Parameter 0.75
k/n—1 Steady-State Leverage Ratio 0.8
X Elasticity of the Finance Premium 0.05
I Mean Technology Growth Rate 0.00427
O Standard Deviation of the Transitory Shock | 0.01x100
oo Standard Deviation of the Persistent Shock | 0.001x100
Pd AR(1) Coefficient of the Persistent Shock 0.95

—cy = —Eycpp1 — Epzeqpq + 0 — By (2)

2, the growth of productivity, enters the Euler equation, as
well as several other equations in the model, because the levels of
consumption, investment, output, capital stock, and net worth are
normalized by the level of technology, in order to make these real
quantities stationary.

Households also make a decision on labor supply. Labor demand,
on the other hand, is derived from entrepreneurs’ profit maximiza-
tion problem. In an equilibrium, labor supply equals labor demand.
Using the labor-demand condition to eliminate wages from the labor-
supply equation yields the following labor-market equilibrium con-
dition:

yr + mey — ¢ = (1 4+ y)hy. (3)

mc; enters (3) because we use the definition of mc;, mc; =
Pw,t — Pt, to eliminate p,, + — p:, where p,, ; is the wholesale price
and p; is the price level of the economy. Equation (3) thus is the
equation that defines mc; in the system.
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On the production side, entrepreneurs have access to a Cobb-
Douglas technology:

yr = ahy + (1 — a)ky — (1 — a) 2. (4)

Capital k; is purchased by the entrepreneurs at the end of period
t — 1. The expected real rate of return on capital, E;7F "1, is given by

mec(l—a)¥Z

Eirfy = me(l-a)2Z + (1-0) (Etye1 — kepr + Erzepr + Egmey )
1-6

E — G- 5

+mc(1—o¢)%Z—l—(1—(5) tde+1 — Gt (5)

Intuitively, the expected real rate of return on capital depends on
the marginal profit from the production of wholesale goods, which
(log-linearized) is given by

mc(l —a)¥Z

me(l —a)¥Z + (1 -9)

(Etpw,t+1 — Etprar + Eeyepr — kegr).

Eityi11 — key1 is derived from log-linearizing the marginal prod-
uct of capital. Substituting the real marginal cost (for the retailers),
IMC; = Pyt — Pt, We derive the first part of the right-hand side of (5).
The second part, mc(lfa%%ng(lf&) Etqt+1 — ¢+, is the capital gain.
Summing the marginal profit and the capital gain, we derive the
real rate of return on capital.

To finance their capital expenditures, the entrepreneurs employ
internal funds, net worth, but also need to acquire loans from finan-
cial intermediaries. In the presence of credit-market frictions, the
financial intermediaries can verify the return on the entrepreneur-
ial investment only through the payment of a monitoring cost. The
financial intermediaries and the entrepreneurs design loan contracts
to minimize the expected agency cost. The nature of the contracts
is that the entrepreneurs need to pay a premium above the riskless
rate, which in this model is the opportunity cost for the financial
intermediaries. The external finance premium in turn depends on
the financial position of the entrepreneurs. In particular, the exter-
nal finance premium increases when a smaller fraction of the capital
expenditures are financed by the entrepreneurs’ net worth:

st = x(qt + key1 — nyyr). (6)
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In a competitive financial market, the expected cost of borrowing
is equated to the expected return on capital:

Eerfy =it — Bemegr + su, (7)

where i; — Eymyq is the (real) riskless rate.
The rest of the capital expenditures are financed by entrepre-
neurial net worth, which is determined by

k k k
=—rF—|—==1|E;,_ — 2.
Ng41 nTt <n ) t—1Ty + Nt — 24

That is, the aggregate net worth of the entrepreneurs at the end
of period t is the sum of the net worth from the previous period, ng,
and %r,’f — (% — 1)E;_17F, the operating profit of the entrepreneurs
earned during period ¢. £rf is the (log-linearized) realized return
on investment. (£ — 1)E,_;7} is the (log-linearized) entrepreneurs’
marginal cost of external funds that is predetermined in period ¢
by the financial intermediaries. Using the definition of the external

finance premium, Et,lrf =841+ 1 — Ey_q1m, we have

Ngr1 = %Tf — <7]j — 1) (St—l + 2 — Et—lﬂt) + Ny — 2¢. (8)

The entrepreneurs purchase capital from capital producers who
combine investment and depreciated capital stock. This activity
entails physical adjustment costs, with the corresponding CRS
production. The aggregate capital accumulation equation is thus
given by

kiy1 = (1;6)(]{,} —z)+ <1 - 1;5>invt. (9)

Capital producers maximize profit subject to the adjustment
cost, yielding the following first-order condition:

gt = e (invy — Ky + 24). (10)

Equation (10) can be interpreted as an equilibrium condition for
the investment-good market. That is, the demand for investment
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from entrepreneurs equals the investment goods supplied by capi-
tal producers. This determines the price of capital, which in this
model is interpretable as asset prices. Equation (10) implies that
investment increases as asset prices rise.

The retailers set prices in a staggered fashion, as in Calvo (1983).
This gives rise to a standard Phillips curve:

Ty = KMCy + ,6Et7l't+1. (11)

It is practical to use (11) to write the dynamics of net worth as

k k 1 w 7rt_1+/£ n
Nga1 = —T1p — | — — Sy_ Ty — —mcs_ Ty — Zt.
1= T - t—1 % 3 3 t—1 t t
(12)

The growth of productivity has both transitory and persistent
components:

2zt = di + &¢. (13)
The persistent component follows an AR(1) process:
di = padi—1 + vt, (14)
where shocks to the transitory and persistent components are
g ~ i.i.d.N(0,02)
and
vy ~i.0.d.N(0,02).

Finally, since one of the central bank’s target variables is the
output gap, which is the deviation of output from its hypothetical
level in the frictionless economy, we also have the following set of
equations defining the frictionless economy:

Y — ¢ = (L +v)hy (15)
yp = ahi + (1 —a)ky — (1 —a)z (16)
c nv

y; = QCI + 71HV: (17)
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1 = T(kt —z)+(1— Z )inv; (18)
q; = ni(invy — kj + 2) (19)
. _ mc(l —a)¥Z (B R )
"t = me(l — a)%Z +(1-9) tYi+1 t+1 t2t4+1
1-94
Ewgiin — 4 20
" me(l —a)2Z + (1 —-6) tqt41 — 4t (20)
_Cr = _Etcr—i-l — Etzt—i-l + TZ‘ (21)

Thus, I define the frictionless variables conditional on the hypo-
thetical level of capital stock that exists when the economy has been
under flexible prices and without credit-market frictions, as in Neiss
and Nelson (2003). I also conducted the analysis in this paper by
defining the frictionless economy conditional on the actual level of
capital stock, as in Woodford (2003). All of the conclusions in this
paper remain valid under the Woodford approach. I follow Neiss and
Nelson because this approach allows me to illustrate my results in a
particularly sharp way.”

For ease of presentation, write the model economy in the state-
space format, as in Svensson (2006):

[ Xi41 ] = A [it] + Biy + m Eort, (23)

"Like Gilchrist and Saito (2006), in the frictionless economy, there are no nom-
inal rigidities and credit-market frictions. The reason that I define the frictionless
economy as the flex-price economy in the absence of credit-market frictions as
opposed to in the presence of credit-market frictions is because it can be argued
that a goal of the central bank is to lead the economy as close as possible to
the “distortion-free” state. In this model economy, credit-market frictions are
distortions in the form of asymmetric information in financial markets that in
turn gives rise to fluctuations in the external finance premium. As will be shown
later, the central bank can in fact stabilize the external finance premium. At
the micro level, unlike the distortions arising from monopolistic competition that
are beyond central banks’ authority to deal with, most central banks, including
the Federal Reserve, are capable of dealing with the distortions in financial mar-
kets. As pointed out by Bernanke (2002), “The Fed has been entrusted with the
responsibility of helping to ensure the stability of the financial system . . . by sup-
porting such objectives as more transparent accounting and disclosure practice
and working to improve the financial literacy and competence of investors.”
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where X; is an nx-vector of predetermined variables, x; is an n,-
vector of non-predetermined variables, 7; is an n;-vector of instru-
ments, and &; is an n.-vector of exogenous zero-mean i.i.d. shocks.
The matrices A, B, C, and H are of dimension (nx +n;) X (nx+ny),
(nx +nz) X n;, nx X ne, and n, X n,, respectively. For any vector
2t, Zt4+1)¢ denotes the rational expectations Eyzyi1.

It is practical to partition A and B conformably with X; and xy,

A11 A12 Bl
A= B = .
|:A21 A22:| ! |:B2:|

Under this format, the system includes nine predetermined vari-
ables, twenty non-predetermined variables, two shocks, and one
instrument. Appendix 1 includes the detail on how to present the
GS model into the canonical format (23).

3. Optimal Policy under Commitment

Let the intertemporal loss function in period 0 be

Eo iu —6)0" Ly, (24)

t=0

where

L= %[773 AR + lis — 1)), (25)

This is a flexible inflation-targeting loss function where 6(0 <
0 < 1) denotes the constant discount factor, A > 0 a relative weight
on output-gap variability, and v > 0 a relative weight on interest
rate smoothing.

Consider minimizing (24) under commitment once and for all
in period t = 0, subject to (23) for t > 0 and Xy, = X, where
X is given. The Lagrangian of the dynamic optimization can be
written as

EO - EOZ(l — 5)5t|: Lt + ‘:'t(th—i-l — A21Xt — A22xt — B22t>
t=0

+& 1 (Xep1 — A Xy — Arpay — Buig — Cegi)

#1206 (X0 — Xy), (26)
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where £, and Z; are vectors of ny and n, Lagrange multipli-
ers of the upper and lower blocks, respectively, of the canonical
system (23).

Following Svensson (2006), I solve this problem by the recursive
saddlepoint method of Marcet and Marimon (1998). Appendix 2 pro-
vides an algorithm on how to solve this problem using the recursive
saddlepoint method. It can be shown that the solution, or the com-
mitment equilibrium, takes the form of the following policy function
and law of motion of the state of the economy:

Tt
-l

Vt =il
[X;H] M [:Xt ] + m Eeq1. (27)
& Zio1

Thus, it follows that the instruments and the non-predetermined
variables depend on the state of the economy according to

i, = F; [:Xt ] (28)
=t—1

Ty = Fz |:,:Xt :| y (29)
—t—1

where F; and F. are appropriate rows in F.

4. Should the Central Bank Respond to Asset Prices?
The Full-Information Case

As shown in (28), the reaction function of the central bank can be
described as

it - Fij(:t- (30)

Since ¢;, the asset price, is non-predetermined, under the com-
mitment equilibrium, ¢; satisfies

qt = quzta

where F} is an appropriate row vector in F.
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It follows that ¢; — Fq)N(t = 0 and thus
1 = Fi)N(t +0(q: — Fq)N(t), for any 6.
Or rearranging further,
ir = (F; — 0F,) X, + 0q;. (31)

Thus, one can choose any feedback coefficient on ¢; and (31)
is still satisfied. In other words, in the commitment equilibrium, it
is irrelevant to discuss whether the interest rate instrument should
be set to respond directly to asset prices. The reason is that asset
prices are fully determined by the state of the economy.® Hence,
if the central bank can perfectly observe the state of the economy
and has already set the interest rate instrument to respond to the
state of the economy as in (30), there will be no additional gain
from responding to asset prices directly. Specifically, in an environ-
ment with full information in which the central bank can perfectly
observe the state of the economy, all of the information necessary
for the monetary policymaking process has already been contained
in the state of the economy. Movements in asset prices do not reveal
any extra information.

Table 3 reports the coefficients of (30). These are the feedback
coeflicients on the state of the economy, as represented by the pre-
determined variables X; as well as the Lagrange multipliers on the
non-predetermined block of (23), Z;_;.

The interpretation of the predetermined variables X, is straight-
forward. The Lagrange multipliers can be interpreted as “promises”
of the central bank to deliver the level of non-predetermined vari-
ables that it has committed from the previous period. To derive
the promise for a specific variable, the promise terms in the dual-
period loss function (38) need to be rearranged so that all terms
with the variable in question are grouped together.® For instance,

the promise on the level of inflation will be — Elé_l + 59;3_1 +Z3-1-

—% + 595’1 4+ =3;-1 > 0, for instance, implies that the central

8In this framework, the state of the economy consists of the predetermined
variables and the Lagrange multipliers of the non-predetermined equations.

9This is because most non-predetermined equations have expectations terms
on more than one variable.
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Table 3. The Feedback Coefficients of the Reaction

Function
Variables Optimal Feedback Coefficients
ky —0.0997
St—1 0
T 0
-1 0
€t 0.0099
dy 0.4196
k; 0.0898
i 0.1165
mcy_1 0
=11 0.3640
Eot—1 0
Far_1 ~0.1125
Har—1 —0.0893
Est-1 0
Zet—1 0
Eri—1 0
Sst-1 0
=9t_1 0.3155
Z10t-1 0
Ei1g—1 0
El2t—1 0
E13t-1 0
El4t—1 0
E15t-1 0
E16t—1 0
Eire—1 0
E18t—1 0
S19t-1 0
Zo0t-1 0

bank made a promise in the previous period that today it will deliver
an inflation rate lower than if it did not make the promise, no matter
how the state of the economy is realized today. This is a hallmark of
optimal policy under commitment in the sense that promises made

in the past do constrain current policy in an optimal way.
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Table 3 provides another interesting implication. As noted, in
the full-information scenario in which the central bank can perfectly
observe the state of the economy, there is no additional gain from
responding to today’s asset prices. However, it is possible to be opti-
mal for the central bank to respond to last period’s asset prices. The
reason is that s;_1, the external finance premium in the last period,
is a predetermined variable. Last period’s external finance premium
is predetermined because it is a factor that determines today’s bor-
rowing cost. Under the Townsend (1979)-style optimal loan contract,
the borrowing cost in period ¢ is determined in period ¢t — 1, whereby
the lenders formed expectations on the state of the economy and, in
particular, the possibility of defaults in period ¢. The lenders then
marked up the borrowing cost over their opportunity cost to com-
pensate for the default risk. Thus, the borrowing cost in the current
period is in fact a predetermined variable that characterizes the state
of the economy. s;_1 then enters X; because it is a factor that deter-
mines the borrowing cost, Et_lrf, in period t. That is why mc;_1
and 7;_1, the other factors that determine Et_lrf, also enter X;.

In this way, since movements in asset prices can affect the value of
capital owned by entrepreneurs and thereby their net worth, which
is the reason why the external finance premium can be affected by
asset prices, it may be optimal for the central bank to respond to
the lagged asset prices if there is a rationale for the bank to respond
to last period’s external finance premium.

Table 3, however, suggests that it may not be optimal for the cen-
tral bank to respond to last period’s external finance premium and
thereby to the lagged asset prices. More precisely, the table implies
that it is optimal for the central bank not to respond to the cost of
borrowing, as evident from the fact that the feedback coefficients on
all other factors that determine the borrowing cost, namely mc;_;
and m;_1, are also zero.

Intuitively, the cost of borrowing for period ¢ is determined solely
by the expectations, which were formed in period ¢ — 1, on the state
of the economy in period t. However, when the central bank is set-
ting the interest rate instrument in period ¢, it has already had a
chance to observe the realized state of the economy, including espe-
cially the productivity shock, in that period. Thus, the central bank
can simply utilize the information that has already been observed in
the period. The expectations on the state of the economy, which has
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already been realized and is fully observable, provide no additional
useful information. In other words, it is inefficient for the central
bank to respond to a (past) prediction of the outcome of an event
when the outcome has already been known to the central bank.

5. Should the Central Bank Respond to Asset Prices?
The Partial-Information Case

The analysis in the previous section provides a benchmark scenario
in which policy should be conducted when the state of the economy
is perfectly observable. This is, however, a hypothetical setup that is
unlikely to be true in practice. In the real world, central banks will
not be able to observe most economic variables, or aggregate eco-
nomic activities, directly. In the policymaking process, central banks
must rely on economic indicators that are constructed to reflect
aggregate economic activities. Economic indicators, however, are not
perfect measures of aggregate economic activities, since each eco-
nomic indicator arguably is subject to some forms of errors.'? This
implies that real-world central banks are required to make interest
rate decisions while facing imperfect knowledge about the state of
the economy.

Thus, consider a scenario in which the state of the economy
is imperfectly observable, as analyzed in Svensson and Woodford
(2003). That is, some or all of the elements in Xy, ¢, and Z;_; are
assumed to be unobservable or partially observable. Furthermore,
information is assumed to be symmetric in the sense that the private
agents and the central bank have the same information set.

Let the vector of n, observable variables, or indicators, Z;, be
given by

OEvidence has found that most economic indicators are subject to imperfec-
tion in the form of measurement errors and data revisions. Most notably among
others, Orphanides (2001, 2003) has pointed out that in reality central banks
need to make a decision based on error-prone data that usually are substantially
revised even a year after their releases. For instance, the 1996 Boskin Commission
report estimated that the U.S. CPI was upward biased by 1.1 percent per year.
Most recently, following the release of the U.S. second-quarter GDP in 2006 were
downward revisions to real growth in each of the past three years. Goldman Sachs
calculated that the average adjustment to U.S. quarterly GDP growth between
1999 and 2004 was —0.4 percentage point.
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Zy=D [Xt] + v, (32)
Tt

where v;, the vector of noise, is i.i.d. with mean zero and covariance
matrix X,,. Other setups remain the same as those in section 3.

Under this setting, Svensson and Woodford (2003) show that in
the commitment equilibrium, certainty equivalence holds. That is,
the optimal policy is the same as if the state of the economy were
fully observable except that one responds to an efficient estimate
of the state vector rather than to its actual value. Furthermore, a
separation principle applies, according to which the selection of the
optimal policy and the estimation of the current state of the economy
can be treated as separate problems.

It can be shown that in the partial-information economy the cen-
tral bank can set the interest rate instrument to respond to an infi-
nite sum of current and lagged indicators, according to the following
reaction function:

i = ﬁ(Z@TKZt_T> + (ZETSZQSKZt_l_T_S> - (33)
=0

7=0 s=0

Appendix 3 provides an algorithm for computing @, K, S, and 3.

5.1  Optimal Weights on Indicators under Partial Information

The effect of incomplete information on the role of asset prices can be
best shown by a quantitative exercise. In particular, I will derive in
this section the optimal weights, or the optimal feedback coefficients,
on current and lagged indicators as in (33) under the base-case cali-
bration of the GS model, for a given set of indicators and a calibrated
covariance .

Consider a scenario in which the central bank employs the fol-
lowing set of indicators:!!

1My conclusions, however, do not depend on what variables are included in
the indicator set. I examine the indicator set (34) as my baseline analysis because
this setup is fairly general but at the same time allows me to get my message
across in a sharp way. The results on other sets of indicators are available upon
request.
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Thus, the central bank employs all variables that are necessary
to compute every key aspect of the economy. Given that ¢; can be
inferred from y; and invy, including ¢; is redundant and thus it is
excluded from the set. The same reason goes for s; and 7; since s;
can be inferred from r¥ and r;, and 7; can be inferred from y; and
y;. From a preliminary analysis, ¢, s¢, and y; receive zero weights
when they are included in the indicator set.

It should be noted that the central bank cannot perfectly observe
the fundamental values of assets. What the central bank can observe
are the market values of assets, which are readily available from the
financial markets. Thus, ¢; in the indicator set denotes market prices
of assets. The movements in ¢; capture the movements in the fun-
damental values of assets as well as in the asset-price misalignments
or bubbles.

In the base-case analysis, the variance of productivity growth
and all of the hypothetical frictionless variables, or noisy indica-
tors, is calibrated to 0.1.'2 This is consistent with the fact that, in
general, real-world central banks cannot perfectly verify exogenous
disturbances and hypothetical frictionless variables, such as poten-
tial output. Nonetheless, central banks often include their estimates
of these variables in their monetary policymaking process.!?

The variance of all other indicators, or reliable indicators, is
taken to be 0.0001, or Wloo of that of the noisy indicators. That is,
these indicators are quite accurately measured but still contain some
unavoidable noise. This setup is intended to simulate the real-world

12The main findings here do not depend on the calibration of the variance of
noise to indicators. Section 6 provides a robustness test on whether the results
in this paper remain valid for different assumptions on the variance.

3 Orphanides and van Norden (2002), for example, point out that although it
is necessary to estimate potential output and thus the output gap for the poli-
cymaking process, the reliability of such estimates in real time tends to be quite
low. The August 18, 2006 issue of Financial Times also reports that following a
series of data revisions, economists may have overestimated the growth rate of
potential output by as much as 60 basis points.
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situation in which most economic data, including those used as the
reliable indicators in (34), are subject to errors.*

5.2 Leaning against the Wind by Employing Asset Prices as
an Indicator

Table 4 reports the optimal feedback coefficients on the current val-
ues of the indicators in (34) and those on their lags up to two periods,
under the base-case calibration in which the variance of the noise
to the noisy indicators is 0.1 and that to the reliable indicators is
0.0001.%?

As evident from the table, when the central bank cannot observe
the state of the economy perfectly, the feedback coefficients on asset
prices become strictly different from zero. In this sense, table 4
implies that when the central bank cannot perfectly verify the
state of the economy, the central bank should take asset prices into
account in determining the path of the interest rate instrument. Row
11 of the table also implies that asset prices in the current period
are relatively more informative than lagged asset prices.

As a basis for comparison, table 5 provides the optimal feedback
coefficients under a hypothetical scenario in which the variance of
the noise to the noisy indicators, including shocks and frictionless
variables, is assumed to be equal to that of the reliable indicators,
or equal to 0.0001.

Tables 4 and 5 show that when it becomes more uncertain to ver-
ify the state of the economy, particularly productivity growth and
the frictionless variables, it is optimal for the central bank to utilize
more information revealed by the more reliable indicators, including
asset prices. In particular, the weights given to asset prices rise fur-
ther, compared with the scenario when all indicators are relatively
accurate.

YEconomic indicators, by default, should be subject to at least some small
amounts of errors. The reason is that most economic indicators are constructed
from survey data which, by construction, are subject to sampling errors. Those
indicators taken from the national income account or the balance of payments
are also error prone, in the form of statistical discrepancies due to data collec-
tion, data entry, and unreported activities. Finally, even asset prices observed in
the markets—such as equity prices, house prices, and foreign exchange rates—are
considered noisy if what central banks really need to measure are the fundamental
values of these assets.

15Note that in the table yE — 0Z denotes y - 10772.
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Table 4. Optimal Feedback Coefficients on a Distributed
Lag of the Indicators when the Variance of the Noisy
Indicator is 0.1

Indicator

Current Period

One-Period Lag

Two-Period Lag

ki
Uz
€t
dy
ki
2t

4.806E-03
4.458E-03
—6.122E-02
6.126E-02
5.801E-04
3.040E-05
1.696E-03
1.332E-03
—2.129E-03
1.942E-02
1.837E-03
—1.825E-02
9.604E-03
—2.538E-02
—2.355E-02
2.164E-04
4.979E-05
1.268E-04
5.598E-04
8.950E-04
8.631E-05
—1.268E-04

2.485E-03
2.305E-03
—3.449E-02
3.450E-02
1.196E-03
7.497TE-06
3.320E-04
3.230E-04
—4.169E-04
3.802E-03
3.596E-04
—3.574E-03
1.881E-03
—4.970E-03
—4.610E-03
4.680E-04
1.077E-04
2.742E-04
1.211E-03
1.935E-03
1.867E-04
—2.742E-04

1.316E-03
1.221E-03
—1.967E-02
1.967E-02
1.075E-03
4.625E-07
—5.654E-05
1.491E-05
7.100E-05
—6.474E-04
—6.124E-05
6.085E-04
—3.203E-04
8.463E-04
7.851E-04
4.229E-04
9.729E-05
2.478E-04
1.094E-03
1.749E-03
1.687E-04
—2.478E-04

These results suggest that asset prices can provide information
regarding the developments in the state of the economy. The more
uncertainty surrounding the true state of the economy, the greater
the role of asset prices should be in the rate-setting procedure. This
is a reason why it is desirable for the central bank to respond to

asset prices.

The present paper thus lends support to the lean-against-the-
wind camp that the central bank should respond to movements in
the market values of assets. According to the analysis in this paper,
this is an optimal strategy that will prevent asset prices from per-
sistently deviating from the trend and thus eliminating asset-price
booms and busts.
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Table 5. Optimal Feedback Coefficients on a Distributed
Lag of the Indicators when All Variances Are Set

to 0.0001

Indicator | Current Period | One-Period Lag | Two-Period Lag
k¢ 1.197E-02 3.038E-03 2.226E-04
g 1.110E-02 2.818E-03 2.065E-04
€t —1.708E-01 —4.248E-02 —2.744E-03
dy 2.041E-01 4.884E-02 1.722E-03
kf 1.305E-02 4.067E-03 9.743E-04
2 3.336E-02 6.360E-03 —1.022E-03
T 1.417E-03 2.201E-04 —8.246E-05
rf 1.433E-03 2.700E-04 —4.645E-05
Yt —1.779E-03 —2.763E-04 1.035E-04
mcy 1.622E-02 2.520E-03 —9.442E-04
qt 1.534E-03 2.383E-04 —8.930E-05
invg —1.525E-02 —2.369E-03 8.874E-04
hy 8.025E-03 1.246E-03 —4.670E-04
kit1 —2.121E-02 —3.294E-03 1.234E-03
Ni4+1 —1.967E-02 —3.056E-03 1.145E-03
yr —7.993E-03 —9.027E-04 7.860E-04
hy —1.839E-03 —2.077E-04 1.808E-04
c; —4.683E-03 —5.289E-04 4.605E-04

i —2.067E-02 —2.335E-03 2.033E-03
invy —3.305E-02 —3.733E-03 3.250E-03
a; —3.187E-03 —3.600E-04 3.134E-04
Ty 4.683E-03 5.289E-04 —4.605E-04

5.8 Partial Information in the Credit Market

Among the reliable indicators, one may argue that some indicators
may contain more noise than others. For instance, it may be more
difficult for the central bank to observe the true values of the vari-
ables that reflect credit-market frictions, including net worth and
the real return on capital. Thus, consider increasing the variance of
these friction-related variables to 0.001. The variance of other reli-
able indicators, including capital stock, inflation, consumption, out-
put, asset prices, investment, and labor supply, remains at 0.0001.
The variance of productivity growth and the frictionless variables
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Table 6. Optimal Feedback Coefficients on a Distributed
Lag of the Indicators when the Variance of the
Credit-Market-Friction-Related Indicators Is 0.001

Indicator

Current Period

One-Period Lag

Two-Period Lag

ki
Uz
€t
dy
ki
2t

6.978E-03
6.473E-04
—6.122E-02
6.126E-02
5.825E-04
4.102E-05
2.255E-03
1.796E-04
—2.831E-03
2.582E-02
2.442E-03
—2.427E-02
1.277E-02
—3.375E-02
—3.131E-03
2.132E-04
4.904E-05
1.249E-04
5.514E-04
8.816E-04
8.502E-05
—1.249E-04

3.641E-03
3.378E-04
—3.402E-02
3.403E-02
9.600E-04
1.024E-05
4.373E-04
4.402E-05
—5.491E-04
5.007E-03
4.736E-04
—4.706E-03
2.477E-03
—6.545E-03
—6.072E-04
3.739E-04
8.602E-05
2.191E-04
9.671E-04
1.546E-03
1.491E-04
—2.191E-04

1.899E-03
1.761E-04
—1.878E-02
1.878E-02
8.283E-04
4.740E-07
—9.439E-05
1.291E-06
1.185E-04
—1.081E-03
—1.022E-04
1.016E-03
—5.346E-04
1.413E-03
1.311E-04
3.259E-04
7.497E-05
1.910E-04
8.430E-04
1.348E-03
1.300E-04
—1.910E-04

is still fixed at 0.1. This calibration is meant to capture a scenario
in which the friction-related indicators are less accurately measured
than other reliable indicators, but more accurately measured than
the noisy indicators.

Table 6 provides the optimal feedback coefficients under this sce-
nario. It is evident that the optimal feedback coefficient on asset
prices becomes larger than those under the scenario in which credit-
market frictions are perfectly observable. This implies that the role of
asset prices, in the rate-setting process, should become even greater
when there is uncertainty regarding the true state of the credit

market.
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This result also provides an implication on optimal policy
responses prior to and during the subprime mortgage crisis in the
United States, which began with housing bubbles during 2001-05,
followed by the collapse of house prices and a sharp rise in home
foreclosure since the summer of 2005. In this case, net worth, n; in
the model, can be interpreted as creditworthiness of U.S. households.
Note also that s;, the external finance premium, can be inferred from
7 the real rate of return on capital; therefore, rF can be interpreted
as the U.S. households’ risk premium. The result here thus suggests
that if the central bank cannot verify the true state of creditworthi-
ness and risk premiums of the U.S. households, movements in house
prices will become an important indicator in predicting where the
economy is heading. Under this condition, it would be optimal for
the central bank to respond to movements in house prices particu-
larly when the house prices started to rise in 2001 or started to fall
in 2005.

5.4 Fundamental Values and Misalignments

Finally, notice that in every scenario under which optimal feedback
coefficients are computed, asset prices are given larger weights than
other price variables, such as inflation, but lower weights than most
real-sector indicators, including labor supply. Even the one-period
lag of labor supply is given a roughly equal weight to the asset
prices in the current period. This result may provide a rationale for
the belief held by financial markets that the FOMC and the Federal
Reserve staff may pay some serious attention to labor-market indi-
cators, such as non-farm payroll, and for the fact that the markets
too are highly sensitive to any surprises in the monthly release of
non-farm payroll figures.6

16 A recent example is following the release of non-farm payroll on November
3, 2006 in which the actual release fell short of the market expectation for 13,000
jobs, the S&P 500 index jumped immediately by more than five points. See also
Ramchander, Simpson, and Chaudhry (2005). Non-farm payroll is considered
to be the most important economic indicator in financial markets because its
release is very timely; it is released seven days following the end of the month
being reviewed. Furthermore, non-farm payroll reflects household income and
thus consumers’ spending power, which accounts for two-thirds of the economy’s
total output. This is why financial markets consider non-farm payroll to be most
informative in helping forecast future economic activity.
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The question is, are there any scenarios in which it may be
rational for the central bank to attach more weights to asset prices
in the rate-setting process? One possibility is if asset prices are in
fact more accurately measured. To examine this scenario, I run the
optimal filtering problem by lowering the variance of asset prices to
0.000001, or 1—(1)0 of that of labor supply. The variances of all other
reliable indicators and the noisy indicators remain at 0.0001 and 0.1,
respectively.

Thus, this scenario corresponds to a situation when asset prices
contain less noise than labor-market indicators. Arguably, it will
be sensible to motivate this scenario if certain conditions are met.
After all, it is extremely difficult, if not impossible, for the central
bank to accurately observe the aggregate labor-market activities. As
such, the central bank needs to rely on a number of labor-market
indicators, all of which are derived from surveys. Thus, by default,
labor-market indicators always contain at least some measurement
errors, which in this case are captured by the variance of 0.0001
attached to them. Asset prices, however, can be readily observed
from the markets. If what the central bank really needs to observe
is the fundamental values, asset-price data retrieved from the mar-
kets can be fairly accurate, especially in the times when there is no
bubble, or when market prices truly reflect the fundamentals.

As is evident from table 7, when this condition is met and there-
fore asset prices contain smaller noise than other indicators, the
weights on asset prices in the reaction function rise significantly.
In particular, the optimal feedback coefficient on asset prices in
the current period is 0.20, the largest among all indicators in any
horizons.

This result suggests that the usefulness of asset prices in the
rate-setting process depends on the degree to which the central
bank understands the nature of asset-price misalignments, or bub-
bles. Movements in the market values of assets should be given a
prominent role in the rate-setting process when the central bank can
distinguish the fundamental values from the misalignments. Under
the scenario that there is uncertainty regarding whether movements
in the market values of assets are driven by misalignments, it would
be optimal for the central bank to also rely on other economic
indicators.
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Table 7. Optimal Feedback Coefficients on a Distributed

Lag of the Indicators when Asset Prices Are More

Accurately Measured Than Other Reliable Indicators

Indicator | Current Period | One-Period Lag | Two-Period Lag
ki 6.068E-03 7.075E-03 4.317E-03
Ty 5.629E-04 6.563E-04 4.005E-04
€t —6.122E-02 —6.936E-02 —4.209E-02
dy 6.126E-02 6.936E-02 4.209E-02
kf 5.814E-04 1.023E-04 4.628E-07
2 3.397E-05 6.526E-06 —2.321E-06
T 1.848E-03 —3.636E-05 —4.398E-04
Tf 1.486E-04 2.600E-05 —1.219E-05
Yt —2.321E-03 4.565E-05 5.522E-04
mey 2.116E-02 —4.163E-04 —5.036E-03
qt 2.002E-01 —3.937E-03 —4.763E-02
invg —1.989E-02 3.913E-04 4.733E-03
hi 1.047E-02 —2.059E-04 —2.491E-03
ki1 —2.766E-02 5.442E-04 6.582E-03
N1l —2.566E-03 5.048E-05 6.106E-04
y; 2.156E-04 3.769E-05 1.096E-06
hy 4.959E-05 8.671E-06 2.521E-07
cy 1.263E-04 2.209E-05 6.421E-07
i 5.575E-04 9.749E-05 2.834E-06
invy 8.913E-04 1.559E-04 4.532E-06
a; 8.596E-05 1.503E-05 4.370E-07
ry —1.263E-04 —2.209E-05 —6.421E-07

6. Robustness

6.1 Variance of Noise to Indicators

In the analysis in the previous section, I set the variance of noise
to the reliable indicators to 0.0001. The main results here, however,
do not depend on the assumptions on the variance of noise. For
example, consider varying the variance of noise to the reliable indi-
cators to 0.001 and 0.00001. Table 8 reports the optimal feedback
coeflicients on the current-period asset prices and labor supply in
these two cases. It is evident that with different variance of noise,
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Table 8. Robustness Test on the Variance of Noise to
Reliable Indicators

Noisy Productivity | Noisy Credit| Asset Prices
Scenario Growth Friction More Accurate

Var = 0.001

hy 5.218E-03 6.938E-03 5.686E-03

qt 9.977E-04 1.327E-03 1.087E-01
Var = 0.00001

h 1.818E-02 2.418E-02 1.981E-02

q 3.476E-03 4.623E-03 3.789E-01

the main results in this paper remain valid. That is, when it is more
difficult for the central bank to verify the true state of the economy,
the optimal feedback coefficients on asset prices become larger. Fur-
thermore, across different scenarios in which labor supply and asset
prices are equally accurate, it is optimal for the central bank to pay
more attention to labor supply. Asset prices become more important
only when labor supply is more noisy.

The same is true for the relative accuracy between the reliable
and the noisy indicators. In the base-case analysis, the variance of
noise to the reliable indicators is set to ﬁ of that to the noisy
indicators. Table 9 reports the results from the robustness test in

which the ratio is varied to 10 and With different degrees of

0 10000

Table 9. Robustness Test on the Relative Accuracy
between Reliable and Noisy Indicators

Noisy Noisy Asset
Productivity Credit Prices More

Scenario Growth Friction Accurate
Relative Accuracy 100
hy 5.218E-03 6.956E-03 5.699E-03
qt 9.977E-04 1.330E-03 1.090E-01
Relative Accuracy ﬁ
hy 1.785E-02 2.360E-02 1.942E-02
qt 3.414E-03 4.512E-03 3.714E-01
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Table 10. Robustness Test on Stabilization Weights

Noisy Noisy Asset
Productivity Credit Prices More

Scenario Growth Friction Accurate
Varying A to 0
hy 2.363E-04 3.143E-04 2.576E-04
qt 4.519E-05 6.009E-05 4.925E-03
Varying A to 2
hy 9.628E-03 1.280E-02 1.049E-02
q 1.841E-03 2.448E-03 2.007E-01
Varying v to 0
hy 1.185E-02 1.576E-02 1.291E-02
qQ 2.266E-03 3.013E-03 2.470E-01
Varying v to 0.5
hy 8.160E-03 1.085E-02 8.893E-03
qt 1.560E-03 2.075E-03 1.701E-01

the relative accuracy between the reliable and the noisy indicators,
we still derive the same conclusions as in section 5.

6.2 Stabilization Weights

In the base-case analysis, I follow Rudebusch and Svensson (1999)
by setting the stabilization weights on the output gaps and interest
rate smoothing to 1 and 0.2. Nevertheless, this assumption does not
affect the main findings in this paper. Table 10 reports the results
from the robustness test on the stabilization weights. On rows 1
through 6, A, the weight on the output gap, is varied to 0 and 2
while v is fixed at 0.2. On rows 7 through 12, v is varied to 0 and 0.5
while X is kept constant at unity. It is evident from the table that
the main findings in this paper remain valid that the optimal feed-
back coefficient on asset prices becomes strictly different from zero
when there is uncertainty regarding the state of the economy. The
more difficult it is for the central bank to observe the state of the
economy, the larger the optimal feedback coefficient on asset prices
is. Finally, labor supply receives larger weights than asset prices
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when both are equally accurate; the optimal feedback coefficient on
asset prices becomes larger only when labor supply contains more
noise.

7. Conclusions

This paper examines the role of asset prices in the commitment equi-
librium. It can be shown that asset prices are fully determined by
the state of the economy. Hence, in the full-information case whereby
the central bank can observe and respond to the state of the econ-
omy directly, there will be no further gain from setting the interest
rate instrument to respond to asset prices.

In reality, however, it is unlikely that the central bank can
perfectly observe the state of the economy. The paper finds that
under the partial-information case, asset prices should enter the
bank’s rate-setting process with a weight strictly different from zero.
There is a gain from responding to asset-price movements, because
asset prices can provide signals on the developments in the state of
the economy. The gain from responding to asset-price movements
nonetheless depends on the degree to which the central bank under-
stands the nature of asset-price misalignments. When there is uncer-
tainty regarding whether movements in the market values of assets
are driven by misalignments, it is advisable for the central bank
to also rely on other economic indicators, including labor-market
indicators.

In my future research, I plan to extend the analysis in this paper
in several directions. First, it would be interesting to compare the
implications regarding the role of asset prices under the commitment
equilibrium with those when the central bank does not have access
to a commitment device and thus follows discretionary policy.

Second, the present paper assumes that information is symmet-
ric in the sense that private agents and the central bank have the
same information set. In practice, this may not be true, and some
may argue that private agents are more informed. I plan to examine
whether the main findings in this paper are robust to such informa-
tional structure.

Finally, financial markets and financial instruments can be mod-
eled explicitly and incorporated into the framework. This will allow
us to examine a wider range of questions, including, for instance, the
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implications of value-at-risk and low-probability, extreme events on
the role of asset prices.

Appendix 1. Presenting the GS Model into the
State-Space Format

The GS model (1), (2), (3), (4), (5), (6), (7), (9), (10), (11), (12),
(13), (14), and (15)—(22) can be presented into the canonical sys-
tem (23), by defining the following sets of predetermined and non-
predetermined variables:

. -
Xt = {ke,se-1,n, 1,60, dg, ki1, mcs 1} (35)

k . -~ *
_ Ct,Zt,ﬂ-t,rt,yt,mCt,Qt,ant,St,ht,kt.’.l,nt_i_l’yt,yt, 36
trCty Ry, MV, Gy 5 Ty

The elements of the corresponding matrices A, B, and C are
available upon request.

Note that a key to make the analysis of optimal policy in
this paper work is to define k;y; and ni1q as non-predetermined
variables. This classification, however, is not out of the ordinary.
Remember that under the GS model, k;y1 and ng41 are in fact deter-
mined in period t. When one solves a rational-expectations model on
dynare or gensys, a convention in these programs is that variables
dated t are always known at ¢.!” Thus, to assemble the model into
these programs, one needs to write ki1 and ny4q1 as k¢ and ng, or
treat ki1 and ng4q in the same way as all other variables dated ¢.

Appendix 2. Solving Optimal Policy under Commitment

Notice that problem (26) is not recursive, because non-
predetermined variables, x;, depend on expected future non-
predetermined variables Hxyyi. Thus, the practical dynamic-
programming method cannot be used directly.

Nonetheless, as pointed out in Svensson (2006), this problem
can be solved using the recursive saddlepoint method of Marcet

17See Collard and Juillard (2003) for an introduction to dynare and Sims (2002)
for the algorithm used in gensys.
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and Marimon (1998) by introducing a fictitious vector of Lagrange
multipliers, =_1, equal to zero,

[1]

=0 (37)

Then, the discounted sum of the upper term in the Lagrangian
can be written

EOZ(l — 0)8'[Ly + Ey(Hrps1 — Ay Xy — Asoxy — Baiy)]

1
—E,_1Hzy.

Z (1—6)8"[L ;(_A21Xt — Agoxy — Boiy) + 5
t=0

It follows that the loss function (25) can be rewritten in terms
of the dual-period loss:

—_

/

Et =L+ ’y;(—Angt — Agoxy — BQ.’L’t) -+ E.t_lH(Et, (38)

5
where =, _; is a new predetermined variable in period ¢ and 7, is
introduced as a new control. Z,_; and -, are related by the dynamic
equation,

[1]

t = V- (39)

The optimal policy under commitment problem can then be
reformulated as the recursive dual saddlepoint problem:

oo

max min E 1-6)6'L
{ve}e>o{ze it fe>o O;( ) !

subject to (39) and
Xt+1 = A11Xt + Algxt + Bl’L.t + C€t+1. (40)

Notice that the recursive dual saddlepoint problem is recursive
where {x¢,i:,v} are controls and {X;, Z;_1} are predetermined.
Here, we can use the standard solution for the linear quadratic
regulator (LQR) problem.
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Appendix 3. An Algorithm for Solving the Optimal
Filtering Problem

Given that certainty equivalence holds and a separation principle
applies, the optimal policy under commitment amid partial infor-
mation satisfies

iv = FXy + ®Z (41)
xt\t == GXt\t + FEt—l (42)
e = S5Xy + X5, (43)

where F' and ®, G and ', and S and 3 are appropriate matrices
in F;, Iy, and M, respectively, which are derived in section 3. Xy
denotes the central bank’s estimate of the predetermined variables,
given the information available in period ¢.

It should be noted that in this case, Z;_1 is the vector of the
central bank’s estimate of its promises from the past. =;_1 is an
estimate because it depends on the estimates of past predetermined
variables,

i1 = ZETSXt—l—T\t—l—Tv (44)
T7=0

where (44) is derived from solving (43) backward.
Given that, the lower block of (23) implies

A1 (Xy — Xypp) + Ago (2 — 4¢) = 0.
Substituting in (42) for x;; leads to
2y =G Xy 4+ G* Xy + T2, (45)
where
G!' = —(A22)71A21
G*=G -G
Substituting (41) and (45) into the first row of (23) yields
Xipy =TX; + JXy0 + WE,_ + Cerpn, (46)



112 International Journal of Central Banking June 2010

where
T=A1+ A12G1
J = B1F+A;,G?
U = A"+ B 9.

Equations (43) and (45)—(46) then describe the evolution of the
predetermined and non-predetermined variables, X; and x;, once we
determine the evolution of the estimates Xy, of the predetermined
variables.

Note that (46) also implies

X1 = (T + J) Xy + VEi-1. (47)

Substituting (45) into (32), we obtain a measurement equation
for an optimal filtering problem,

Zy = LXy + MXy + A= 1 + v,

where
L = Dy + DyG!
M = DyG?
A = DoT

and D; and 52 are appropriate matrices in D.
The optimal linear prediction of X; is then given by a Kalman
filter,

Xijp = Xypp1 + K(Zy — LXyjp—1 — M Xy — AZ; ). (48)

Svensson and Woodford (2003) show that the Kalman gain
matrix K is given by

K = PL(LPL +%,,)" ", (49)

where the matrix P = Cov [X; — X;;_1] is the covariance matrix
for the prediction errors Xy — X;;_; and fulfills

P=T[P - PL(LPL +%,,) 'LP]T +CC’. (50)
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To find optimal weights on the indicators Z; in the estimation of
the state of the economy, use the prediction equation (48) to solve
for Xy|; to get

Xyp={T+EKM) (I —-KL)Xy—1 — KAZ,_1 + KZ,).

We can then use (43) and (47) to express the dynamic equation
for Xy, in terms of X;_1;—; and Z;_»,

X = (I + KM)"H[(I = KL)(T + J) = KAS]X; 1j0
+ (I = KL)U — KAS|Z, > + KZ,}.

Solving the system consisting of this equation and (43) back-
wards, Xy, can be expressed as the weighted sum of current and
past indicators,

Xye=Y Q:KZ+,
7=0

where @), is the upper-left submatrix of the matrix

(I+KM)™[(I - KL)(T+J)—KAS] (I+KM)™*[(I-KLW—KAs]|"
S X '
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tions in the euro area and the United States following their
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form sample period (April 1999-May 2006). For this pur-
pose, intraday data on the U.S. and euro-area bond and stock
markets are used. A strong upsurge in intraday volatility at
the time of the release of the monetary policy decisions by the
two central banks is found, which is more pronounced for the
U.S. financial markets following Federal Reserve monetary pol-
icy decisions. Part of the increase in intraday volatility in the
two economies surrounding monetary policy decisions can be
explained by both news of the level of monetary policy and
revisions in the expected future monetary policy path. The
observed strong discrepancy between asset-price reactions in
the United States and in the euro area following monetary
policy decisions still remains a puzzle, although some tentative
explanations are provided in the paper.
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1. Introduction

How do financial markets react to the release of monetary policy
decisions? The answer to this question is of fundamental interest to
monetary policymakers, as it provides them with information as to
first, how well decisions are anticipated by market participants, and
second, how these agents adjust their views about future monetary
policy, output growth, and inflation in response to a given decision.
Such information enables a central bank to judge the immediate
“success” of any decision taken, i.e., whether market participants
reacted in accordance with the policymakers’ intentions.

The purpose of this paper is to assess bond and stock market
reactions in the euro area and the United States following monetary
policy decisions by the European Central Bank (ECB) and the Fed-
eral Reserve over a uniform sample period (April 1999-May 2006).
Intraday data are used, and the asset-price reaction is measured in
terms of derived realized volatility measures over five-minute inter-
vals. Two different angles are viewed. First, asset-price volatility on
monetary policy announcement days is compared with the volatility
observed on non-announcement days. Second, the volatility pattern
when the central bank changes policy rates as opposed to when the
monetary policy rates are left unchanged is examined. Conditional
on these two events, the extent to which monetary policy target and
path surprises can explain the observed volatility is analyzed.

The paper contributes to the existing literature in two main
aspects. First, a direct comparison of the U.S. and euro-area bond
and stock market intraday volatility patterns following monetary
policy decisions is novel. Second, this paper is the first to examine
the influence that monetary policy target and path surprises exert on
intraday financial market volatility patterns, conditional on whether
monetary policy rates have been altered or not.

The paper reaches three main findings. First, intraday U.S. and
euro-area stock and bond market volatility strongly increases at the
time of the release of monetary policy decisions and is particularly
pronounced for the U.S. financial markets. Second, monetary pol-
icy target and path surprises by the ECB both significantly move
the euro-area financial markets, whereas path surprises by the Fed-
eral Reserve have, on average, a larger influence on U.S. bond and
stock market volatility compared with the target surprises. Third,
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the yield response sensitivity for the German bond markets following
an ECB monetary policy target surprise is stronger on the occasions
when the monetary policy rates have been altered compared with
periods when the ECB decided to leave it unchanged.

Although some tentative explanations are given in the paper,
the observed discrepancy between asset-price reactions in the United
States and in the euro area following monetary policy decisions still
remains a puzzle.

The remainder of this paper is organized as follows. Section 2
presents some background and related literature, while section 3
discusses the data used. The bond and stock market volatility reac-
tions in the euro area and the United States following their respec-
tive economies’ monetary policy decisions are elaborated upon in
section 4. Section 5 concludes.

2. Background and Related Literature

Volatility of prices of financial assets such as stocks and bonds sur-
rounding monetary policy decisions can be used to gauge the extent
to which they contain “new news” for market participants that
would lead them to revise their expectations about the future mon-
etary policy path and/or the macroeconomic outlook. If a monetary
policy decision causes market participants to revise their expecta-
tions, this should then be reflected in higher volatility of financial
market prices compared with a period free of such an event.
Several differences can be noted in both the frequency and mag-
nitude of interest rate settings between the two central banks (see
table 1). First, the ECB conducts monetary policy decisions meet-
ings more frequently compared with the Federal Reserve. Second,
the Federal Reserve has, on average, changed the interest rate more
often and by larger magnitudes than the ECB over recent years.
Both the degree of predictability of monetary policy decisions
and the influence the decisions exert on financial asset prices have
been discussed in the literature. As regards the former, many papers
have shown that U.S. monetary policy decisions in general have
been well anticipated among market participants (see, for exam-
ple, Bernanke and Kuttner 2004 and Fleming and Piazzesi 2005).
The same holds true for the euro area, where financial markets have
also been able to foresee the ECB’s monetary policy decisions (see,
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Table 1. Federal Reserve and ECB Monetary Policy
Decisions (April 1999-May 2006)

ECB | Federal Reserve

Total Number of Events 118 54

Number of Events in Which the Monetary 16 32
Policy Stance Was Changed

Number of Increases, 25 bp 7 21

Number of Increases, 50 bp 2 1

Number of Reductions, 25 bp 3 4

Number of Reductions, 50 bp 4 6

Notes: In this study, for comparison, the data start in April 1999, as the ECB then
began to release its monetary policy decisions at the regular time of 13:45 (CET). All
statistics exclude the September 17, 2001 observation. Unscheduled monetary policy
meetings by the Federal Reserve are also excluded.

for instance, Wilhelmsen and Zaghini 2005 and European Central
Bank 2006). In addition, monetary policy communication plays a key
role in enhancing short-term predictability by allowing the public to
understand monetary policy decisions, a fact which has been docu-
mented in a number of studies by Ehrmann and Fratscher (2005a,
2005b, and 2007).

A number of papers have also examined the impact monetary
policy decisions exert on the level of financial asset prices. Applied
to U.S. data, Giirkaynak, Sack, and Swanson (2005) and Wongswan
(2006) find that the U.S. stock and bond markets react significantly
to news about the near-term level of monetary policy and to changes
in expectations of the path of monetary policy. Similarly, for the euro
area, Brand, Buncic, and Turunen (2006) suggest that revised ECB
monetary policy expectations have a significant and sizable impact
on the level of medium- to long-term interest rates in the euro area.
In a closely related paper, Rosa (2008) adopts yet another approach
and compares, among other things, the ability of the ECB and the
Federal Reserve to influence domestic interest rates by means of
various communication channels. By contrast with this paper, Rosa
evaluates the way in which central bank communication affects the
direction of asset-price movements. The results show that long-term
bond yields in the United States are more sensitive to the Federal
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Table 2. Data Used To Measure Financial Market

Reactions
Asset Exchange
German Bond Futures EUREX
U.S. Bond Futures Chicago Board of Trade
EURO STOXX 50 Futures EUREX
S&P 500 Index Chicago Mercantile Exchange

Reserve’s statements than European bond yields are to statements
by the ECB.

Fewer studies have been conducted on volatility reactions sur-
rounding monetary policy communications. Applied to the United
States, Andersen et al. (2005) find a significant rise in U.S. long-
term bond yield volatility surrounding monetary policy decisions
by the Federal Reserve. Similarly, Ehrmann and Fratzscher (2003)
show that the volatility on euro-area money market rates tends to
be higher following Governing Council statements by the ECB. This
paper fills a gap in the existing literature by conducting a direct
comparison between the U.S. and euro-area bond and stock market
intraday volatility pattern following monetary policy decisions.

3. Description of Data Used

The data used to measure financial market reactions consist of intra-
day data on euro-area and U.S. bond and stock prices (see table 2).

The data have been provided by TickData, Inc. The dates and
times of when the Federal Reserve’s monetary policy decisions have
become available to the public are taken from the paper by Fleming
and Piazzesi (2005).! The actual and expected outcome of the Fed-
eral Reserve’s interest rate decisions are taken from the Bloomberg
survey. The dates and times for the ECB’s monetary policy decisions
have been collected internally. With regard to market expectations
for ECB monetary policy decisions, the expected outcome from the
Reuters survey is used.

'The exceptions are the 2005 and 2006 decisions, which are taken from
Bloomberg.
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Table 3. Descriptive Statistics, Five-Minute Returns

German EURO
Bond | U.S. Bond | STOXX 50| S&P 500

Futures | Futures Futures Index
Mean 0.0001 0.0001 —0.0001 —0.0003
Standard Deviation| 0.0258 0.0398 0.1252 0.1048
Skewness —0.24 —0.30 —0.57 0.16
Kurtosis 17.73 55.07 37.82 12.43
Notes: April 1999-May 2006. The overnight returns are omitted when computing
the descriptive statistics.

This paper derives a volatility measure V using regularly spaced
five-minute intervals:

P
Vt:abs<100>klog (P i >>
t—1

where P, is the five-minute prices of the four assets.?

Table 3 summarizes the descriptive statistics for the four return
series used in the paper. The sample mean of the asset returns are
all small and, given the sample standard deviations, not statisti-
cally different from zero. The returns are obviously not normally
distributed, given the large magnitudes of the skewness and kurtosis
statistics.

Volatility is normally not constant throughout a trading day,
but tends to be higher at opening and closing hours than during
the middle of a trading day. This feature has to be taken into
account when gauging whether policy decisions by central banks
induce elevated price fluctuations. Figures 1A-1D show the average
five-minute volatility during the trading days for the U.S. and euro-
area bond and stock series.?

(1)

2As an alternative, the squared return could also be used as a measure of
realized intraday volatility. This measure does not, however, change the interpre-
tations.

30ver the sample under consideration, the trading hours of the STOXX
futures and the German bond futures have not remained constant. The intra-
day volatility shown in figures 1A and 1B is therefore calculated using only hours
which have been traded over the entire sample.
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Figure 1. Intraday Volatility in the Euro-Area and
U.S. Stock Markets

A. German Intraday Bond Market B. Euro-Area Intraday Stock Market
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The German bond and euro-area STOXX future contracts dis-
play a number of interesting intraday features (figures 1A and 1B).
First, volatility in general tends to be higher at the opening and
closing hours of the trading day. At opening hours, prices normally
have to adjust to new information, which may induce heightened
price fluctuations. Higher volatility close to the end of the trad-
ing day is probably linked to some investors closing their trading
books to avoid having open positions overnight. Second, the two
spikes—occurring at 14:30 and 16:00 (Central European time, or
CET)—correspond to the release of several important U.S. macro
announcements, such as the non-farm payroll, producer price index,
retail sales, consumer price index, ISM, and consumer confidence.
In addition, at 14:30 on the first Thursday of each month, the ECB
holds a press conference at which information about the considera-
tions concerning the monetary policy decision is conveyed. Third, the
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level of intraday volatility is higher for the euro-area stock markets
compared with the German bond future markets, which is something
that is also observed for much lower frequencies such as daily data.

The U.S. bond and stock markets show a broadly similar pat-
tern to their European counterparts (figures 1C and 1D). The spikes
occurring at 07:30 and 09:00 (central standard time, or CST) mainly
arise from releases of the above-reported U.S. macro announcements.
Overall, bond and stock markets on both sides of the Atlantic seem
to display generally similar levels of volatility.

4. Asset-Price Reactions Following Monetary Policy
Decisions by the ECB and the Federal Reserve

The following four subsections examine financial market intraday
volatility patterns surrounding monetary policy decisions by the
ECB and the Federal Reserve. Target and path surprises implicitly
embedded in the monetary policy decisions are computed. These
surprises are used as explanatory variables to the observed intra-
day volatility pattern. In section 4.1 the general volatility pattern
is analyzed. Section 4.2 provides some tentative explanations for
the observed discrepancy between asset-price reaction in the United
States and in the euro area following monetary policy decisions.
Section 4.3 regresses the general intraday volatility pattern on mon-
etary target and path surprises. Section 4.4 evaluates if the volatility
pattern in financial markets differs depending on if monetary policy
rates have been altered or not.

4.1 General Intraday Volatility Pattern Surrounding
Monetary Policy Decisions

Figures 2 and 3 display the ratio between five-minute bond and
stock market volatility surrounding monetary policy decisions by
the Federal Reserve and the ECB, respectively, and the average five-
minute volatility on the same weekdays and the same times but on
non-announcement days, thereby controlling for both intraday and
“weekday” effects. A ratio above 1 can be interpreted as the mon-
etary policy decisions inducing “higher than normal” volatility. As
regards the timing, the Federal Reserve’s interest rate decisions are
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Figure 2. U.S. and German Bond Market Volatility Ratio
Surrounding Monetary Policy Decisions by the Federal
Reserve and the ECB (April 1999-May 2006)

U.S. bond Eq—Five—minute intervals surrounding the Federal
m‘su"kcr : Reserve and the ECB monetary policy decisions
4 1 volatility ratio
Five-minute volatility at
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Notes: The volatility measures are calculated as the ratio between (i) five-minute
intraday volatility on the U.S. and German long-term bond futures markets sur-
rounding interest rate decisions by the Federal Reserve and the ECB, and (ii)
“normal volatility,” the latter computed as the average absolute returns on the
same weekdays and same times but on non-announcement days. Using a one-
sided t-test, the filled dots imply that the ratio is significantly higher than 1 and
empty dots that the ratio cannot be deemed as exceeding 1.

usually released at 13:15, and the ECB’s interest rate decisions at
13:45 (both local times).

It should be noted that the Federal Reserve’s interest decisions
are also accompanied by a statement in which the outlook for the
future monetary policy stance is conveyed.? This implies that, par-
ticularly for the Federal Reserve, there are two potential sources
of new information arising from the interest rate decisions—a tar-
get surprise and a path surprise. The target surprise can be defined

“The trading of the U.S. ten-year Treasury future note closes at 14:00 (CST),
i.e., forty-five minutes after the Federal Reserve’s interest rate decisions. To enable
a consistent comparison between the U.S. bond and stock markets, the volatility
window spans from thirty minutes before to forty minutes after the decisions for
these two markets.
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Figure 3. U.S. and Euro-Area Stock Market Volatility
Ratio Surrounding Monetary Policy Decisions by the
Federal Reserve and the ECB (April 1999-May 2006)
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Notes: The volatility measures are calculated as the ratio between (i) five-minute
intraday volatility on the U.S. (S&P 500) and euro-area (EURO STOXX) stock
markets surrounding interest rate decisions by the Federal Reserve and the ECB,
and (ii) “normal volatility,” the latter computed as the average absolute returns
on the same weekdays and same times but on non-announcement days. Using a
one-sided t-test, the filled dots imply that the ratio is significantly higher than 1
and empty dots that the ratio cannot be deemed as exceeding 1.

as the degree to which market participants have been able to antici-
pate the actual monetary policy decisions. The path surprise instead
measures to what degree market participants have revised the future
expected monetary policy path following the actual decision and/or
monetary policy statements.

In contrast to the Federal Reserve, the ECB’s interest deci-
sions and statements are released to the public at separate times.
Announcements of the actual outcome of monetary policy decisions
are released at 13:45 local time. However, details about the eco-
nomic and monetary analyses underlying each interest rate decision
are instead conveyed in the introductory statement read by the ECB
President forty-five minutes later. As seen in the figures, the volatil-
ity pattern for the euro-area bond and stock markets is therefore
extended to include any financial market movements that take place
surrounding the press conference as well.
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Four interesting features can be inferred from the two figures.
First, monetary policy decisions on both sides of the Atlantic tend to
induce significantly “higher than normal” volatility on their respec-
tive economies’ bond and stock markets. Second, this feature seems
to be particularly pronounced for the U.S. bond and stock mar-
kets following interest rate decisions by the Federal Reserve. Third,
some volatility persistence can be observed, in particular for the U.S.
bond and stock markets, where “excess” volatility can be noted up
to forty minutes after the decisions have taken place. Fourth, in the
euro area, the introductory statement read by the ECB President
induces somewhat “higher than normal” volatility on the euro-area
bond market.

Potentially, any interpretations on the basis of figures 2 and 3
could be spurious if important macro announcements were system-
atically released on the same days and at the same times as the
monetary policy decisions of the Federal Reserve and the ECB.
To examine this in detail, forty-three U.S. and euro-area macro
announcements were collected and tested to establish whether they
were made within a sixty-minute window of the monetary policy
announcements by the two central banks.? The results of this exam-
ination suggested that none of the announcements under consider-
ation occurred at the same time as the Federal Reserve decisions.
The monetary policy decisions of the ECB coincided with the release
of macro statistics on only two occasions, and both concerned the
German CPI statistics released on March 23, 2001 and April 26,
2001. These two instances of concurrence should not, however, dis-
tort the interpretation, as previous announcement papers have found
that the German CPI does not move the euro-area financial mar-
kets in any significant way—see Ehrmann and Fratzscher (2003) and
Andersson, Hansen, and Sebestyén (2006).

The small number of macro releases occurring at the time of
the monetary policy decisions suggests that the observed upsurge
in volatility is prompted by the actual decisions and does not
reflect market reactions to macro news. In stark contrast, the ECB
press conference is usually held at times of important U.S. macro

See Andersson, Hansen, and Sebestyén (2006), table 1, where the forty-three
announcements are listed.
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announcements—in particular, the weekly initial jobless claims—
making the volatility ratio difficult to interpret. An analysis of the
ECB press conference is, however, outside the scope of this paper,
which purely concentrates on market reaction to the actual decisions.

The average reaction to asset prices shown in figures 2 and 3
may not be static but, rather, changing over time. There are sev-
eral reasons why price reaction can change over time. Andersson,
Hansen, and Sebestyén (2006) suggest that policymakers can some-
times signal a preference for one or more macroeconomic indicators
as input for their policy decisions. In addition, some macroeconomic
releases may behave in an unusual manner at a certain point in the
business cycle, which can in turn have an impact on monetary pol-
icy decisions. To check for potential time variation, yearly averages
were computed.” The yearly averages are broadly similar across the
years, suggesting that the pattern shown in figures 2 and 3 can be
deemed a general feature.

4.2 Why Intraday Asset-Price Movements Are Stronger in
the United States Than in the Euro Area: Some Tentative
Ezplanations

The finding that there is a higher intraday asset-price reaction in
the United States than in the euro area following their respective
economies’ monetary policy decisions is interesting but somewhat
puzzling. The three best possible explanations for this discrepancy,
in order of significance, are as follows. First, “more” information
becomes available during the release of Federal Reserve interest rate
decisions. This comes from the fact that U.S. interest rate decisions
are released together with an accompanying statement that contains
crucial information about the future monetary policy stance, as seen

50ver the sample April 1999-May 2006, the initial jobless claims announce-
ment was released within a sixty-minute window surrounding the 14:30 press
conference 106 times. Similarly, the release of the Philadelphia Federal Index
occurred five times, durable goods two times, business inventories three times,
retail sales four times, CPI two times, advanced GDP three times, GDP prelim-
inary two times, and GDP final two times.

"See appendix A in the working paper version (ECB Working Paper No.
726). It shows the yearly volatility ratios for the five-minute periods immedi-
ately surrounding and thirty minutes ahead of the monetary policy decisions,
respectively.
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through the eyes of the Federal Reserve. In contrast, the ECB mon-
etary policy decisions are not accompanied by any forward-looking
statement.

As a consequence of the Federal Reserve communication strat-
egy, even though the actual decisions by the Federal Reserve have
been anticipated by the markets, heightened volatility could still
arise given an unexpected change in the tone of the accompany-
ing statement. An interesting example of this took place in Janu-
ary 2004 when the Federal Reserve, as expected, held the policy
rate unchanged (at 1 percent) but at the same time significantly
changed its wording in the statement following the decision. As the
Wall Street Journal wrote in its market commentary column the day
after the decision, “While investors had expected the Fed’s decision
to keep short-term interest rates on hold at 1%, the absence of the
‘considerable period’ phrasing, used since August 2003 to describe
how long the bank would keep rates low, caught market participants
off guard. ... Prices plummeted in the immediate aftermath of the
Fed’s decision and the yield on the 10-year note shot up to 4.26%.”

Second, part of the asymmetric asset-price responses in the two
economies may be derived from the differences in mandates given to
the central banks. Similarly, Orphanides and Williams (2005) intro-
duce learning in a two-equation macroeconomic model where the
central bank aims at minimizing a loss function that equals the vari-
ance of the output gap and deviations of actual inflation from a
target rate. Instead of assuming that all agents know perfectly the
structure of the economy and the central bank’s policy, agents form
expectations based on learning. The authors show that this setup is
consistent with excess sensitivity of long-run inflation expectations
and long-term bond yields to transitory aggregated shocks. The mag-
nitude of the positive correlation between transitory shocks on the
one hand and inflation expectations (and asset-price fluctuations)
on the other is smaller if the central bank is vigilant in responding
to inflationary threats and the public can be certain of its long-run
inflation expectations.

Very simplified, the right-hand panel in figure 4 shows the results
proposed by Orphanides and Williams (2005), namely that asset-
price fluctuations to transitory shocks tend to be less pronounced for
those economies with inflation expectations anchored more firmly.
Furthermore, how well market participants’ inflation expectations



130 International Journal of Central Banking June 2010

Figure 4. Central Bank Mandate and Asset-Price
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are anchored partly originates from the inflation mandate given
to the central bank. As shown by Girkaynak, Levin, and Swan-
son (2007), inflation targeting helps to anchor private-sector per-
ceptions of the future distribution of long-run inflation outcomes.
The authors show that government bond yields in the United States
and the United Kingdom (prior to Bank of England independence)
respond significantly to economic news while little movements can be
found in the United Kingdom after central bank independence and
in Sweden. In the same vein, Rosa (2008) suggests that the asym-
metric asset-price responses in the two economies can be linked to
the fact that the U.S. long-term inflation objective is not well known
to investors.

For the purpose of this paper, the first feature to note is the
differences in mandates given to the Federal Reserve and the ECB.
The Federal Reserve Act states that the Federal Reserve should seek
“to promote effectively the goals of maximum employment, stable
prices, and moderate long-term interest rates” whereas the ECB has
a price stability objective, laid down in the Maastricht Treaty. The
price stability objective has been quantified by the ECB (in May
2003) to aim at inflation rates of below, but close to, 2 percent
over the medium term. Thus, even though the objectives of the cen-
tral banks in this study differ less than those of the central banks
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included in the study by Giirkaynak, Levin, and Swanson (2007), it
would be safe to say that the ECB has a greater orientation toward
price stability than the Federal Reserve.

Partly on account of the different inflation objectives, the ques-
tion then arises if inflation expectations, in the eyes of investors,
differ across the Atlantics. To this end, a recent study by Beechey,
Johannsen, and Levin (2007) derives comparable survey-based meas-
ures of inflation expectations in the United States and in the
euro area (using the ECB Survey of Professional Forecasters and
the Federal Reserve Bank of Philadelphia Survey of Professional
Forecasters).® The authors show that inflation expectation is higher
and more volatile in the United States than in the euro area over
the 2000-06 period. In addition, the Survey of Professional Fore-
casters data also allow for an assessment of the uncertainty sur-
rounding the most likely outcome, as the survey respondents report
their respective probabilities of inflation outcomes falling into pre-
specified intervals. Using these additional data, evidence is provided
that the disagreements between forecasters are higher in the United
States than in the euro area.’

All in all, bringing together the theoretical results by Orphanides
and Williams (2005) and the fact that long-term inflation expecta-
tions seem to be less firmly anchored in the United States than in
the euro area gives some economic justification to the asymmetric
asset-price responses in the two economies.

Third, uncertainty regarding the timing of the Federal Reserve
decisions may also explain part of the differences in asset-price fluc-
tuations. Fleming and Piazzesi (2005) suggest that some uncertainty
exists about the exact release of the U.S. monetary policy announce-
ments, which in turn have an impact on intraday market pricing
in the U.S. Treasury markets. In particular, liquidity tends to be

8See figures 1 and 2 in Beechey, Johannsen, and Levin (2007).

Tt should, however, be pointed out that disagreement, measured by the stan-
dard deviation of the panelists’ point estimates, can differ substantially from
investors’ true uncertainty about long-term inflation expectations; see Giordani
and Soéderlind (2003) and Garcia and Manzanares (2007b). In addition, the pres-
ence of substantial heterogeneity in the central tendencies reported as point
estimates may also distort the degree of disagreement (for U.S. evidence, see
Engelberg, Manski, and Williams 2007 and for the euro area, see Garcia and
Manzanares 2007a).
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low if an announcement is released minutes later than the expected
13:15. Everything else held equal, a buy or sell order during imper-
fect liquidity conditions should result in higher asset-price responses
compared with periods of high financial market liquidity. In con-
trast, timing uncertainty for the ECB’s monetary policy decisions
should not exist given the exact 13:45 release.

4.8 Fvaluating the Impact Monetary Policy Surprises Have
on Intraday Financial Market Volatility

All in all, it is reasonable to assume that the arrival of new informa-
tion could induce heightened volatility surrounding monetary policy
releases. To assess this in more detail, this and the next subsection
will focus on the strong upturn observed at the time “0” in figures 2
and 3, which corresponds to the realized asset-price volatility imme-
diately surrounding the monetary policy decisions by the Federal
Reserve and the ECB, respectively. The idea is to analyze to what
extent the upswing in volatility can be explained by monetary policy
surprises.

Monetary policy surprises are divided into two types: target sur-
prises and path surprises. A target surprise is defined as the degree to
which market participants have been able to anticipate the actual
monetary policy decisions, whereas a path surprise measures the
degree to which market participants have revised the future expected
monetary policy path following the actual decision and/or monetary
policy statements.

The target surprise can be derived from either available surveys
or financial market prices. Both measures have their pros and cons.
The main advantage of the former is that, in principle, they should
contain the “true” mean expectations about upcoming future mon-
etary policy decisions. On the other hand, financial market expecta-
tions benefit from the fact that they are available at a much higher
frequency compared with survey-based measures. But, as shown by
Piazzesi and Swanson (2004) and applied to U.S. data, expectations
derived from the financial markets could contain risk premia and
market noise, which may blur the interpretation.

This paper uses a survey-based measure for the target sur-
prise which represents the difference between the actual outcomes
and the mean of analysts’ expectations concerning the outcomes
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Figure 5. Market- and Survey-Based Target Surprises
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Notes: (A) The market-based measure comes from Brand, Buncic, and Turunen
(2006) and represents the thirty-minute changes in the thirty-day maturity euro-
area interest rates surrounding the ECB monetary policy decisions (interest rates
are filtered using sixty-four instruments; deposit rates, EONIA and EURIBOR
swap rates). The survey-based measure represents the difference between the
actual outcome of the monetary policy decisions and analysts’ mean expecta-
tions taken from the Reuters survey. (B) The market-based measure comes from
Fleming and Piazzesi (2005) and represents the one-hour changes in federal fund
futures contracts surrounding the Federal Reserve monetary policy decisions.
The survey-based measure represents the difference between the actual outcome
of the monetary policy decisions and analysts’ mean expectations taken from the
Bloomberg survey.

of the monetary policy decisions. This measure is chosen because
the methodology used is identical for both the euro area and the
United States. As a cross-check, figures 5A and 5B show the target
surprise used in this paper compared with market-based measures
employed in some earlier studies. Overall the two measures exhibit
very similar patterns, which are also confirmed by the estimated cor-
relation coefficients of 0.75 for the ECB target surprises and 0.8 for
the Federal Reserve target surprises. Thus, the survey-based meas-
ure should therefore be a good indicator of the target surprise as
perceived among investors.

The path-surprise component employed in this study is derived
in line with Giirkaynak, Sack, and Swanson (2005):

Aft—30,t =+ ﬂ*TSt -+ PSt, (2)

where Af;_30; represents the intraday changes in the expected
three-month interest rate in six months’ time surrounding the
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monetary policy decisions (Euribor and Eurodollar future contracts
for the euro area and the United States, respectively). The TS rep-
resents the target-surprise component as described above. The inno-
vation from the regression in equation (2) is defined as the path
surprise (PS).19 Given that the purpose of this exercise is to exam-
ine the effects on financial markets surrounding the actual monetary
policy decisions, potential information about future ECB monetary
policy conveyed in the introductory statement at the ECB press
conference is not included in the derived ECB path surprises.

To evaluate how the changes in the volatility ratios surrounding
the monetary policy decisions by the Federal Reserve and the ECB
as shown in figures 2 and 3 can be explained by the target and/or
path surprises, the following regression setup is used:

AVolratios—30.+ = a + (17 Abs(T'S) + B2 Abs(PS) +¢e¢. (3)

The Abs(TS) and Abs(PS) variables in equation (3) correspond to
the absolute values of the target and the path surprises, respectively.
The AVolratio,_30+ represents the difference between the observed
volatility ratio in the period immediately surrounding the monetary
policy decisions and the volatility ratio thirty minutes ahead of the
decisions. The appendix shows details of how the volatility ratio
is calculated. The choice of the intraday impact relative to that of
non-announcement days as a dependent variable is in line with the
procedure by Ederington and Lee (1993). Table 4 outlines the results
of the regression.

Three notable features can be inferred. First, a monetary policy
target surprise induces significantly higher than normal volatility in
the German bond markets. Second, the ECB path surprises have a
highly significant impact on the euro-area stock markets. Third, in
the United States the results suggest that path surprises, on average,
have a larger influence on the U.S. bond and stock market volatility
compared with target surprises.

10The derived path surprise may be distorted by the term premium investors
usually demand to hold government bonds. However, it is reasonable that the
term premia demanded on shorter-maturity bonds are relatively small in magni-
tude and remain broadly unchanged on an intraday basis. As a result, the bulk of
the five-minute changes in near-term forward rates surrounding monetary policy
decisions should accurately capture investors’ revisions in future monetary policy
path and, to a lesser extent, revisions in the term premia they demand.
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Table 4. Regression Results

Dependent Corr
Variable (Abs(TS),

AVolratio;_so,: | Constant | Abs(T'S) | Abs(PS) | R2 | Abs(PS))

German Bond —0.34* .22 0.29 0.38 0.56
Markets (0.18) (0.09) (0.24)

Euro-Area Stock | —0.64*** 0.06* 0.90%%* 1 0.38 0.56
Markets (0.13) (0.04) (0.12)

U.S. Bond 1.25% —0.10 0.77%%% 10.40 0.10
Markets (0.70) (0.09) (0.20)

U.S. Stock 0.82 —0.05 0.43** 10.20 0.10
Markets (0.68) (0.06) (0.21)

Notes: The regression specifications are AVolratio;_30,t = a1,t + 81 * Abs(T'S) + B2 *
Abs(PS)+¢; for the four asset classes, respectively. AVolratio represents the changes
in the volatility ratio (thirty minutes before and five minutes after the monetary pol-
icy decisions) between observed volatility on monetary policy events and volatility on
non-announcement days. Abs(T'S) and Abs(PS) correspond to the absolute values
of the target and the path surprises, respectively. Newey-West heteroskedasticity-
consistent standard errors are in parentheses. *, ** and *** denote significance at
the 10, 5, and 1 percent levels, respectively.

One potential problem with the equation (3) regression specifica-
tion could be presence of multicollinearity between the explanatory
variables. However, the classic symptoms of multicollinearity, such
as (i) high R2 and few significant t-ratios and (ii) high pairwise cor-
relations between the regressors, cannot be detected. This suggests
that it should be possible to isolate the individual impact that the
target and the path surprises have on financial market prices.

4.4 Impact of Monetary Policy Surprises on Intraday
Financial Market Volatility, Conditional on Whether
Policy Rates Have Been Altered or Not

One possible source for the different reaction patterns between the
two economies could be that the markets react differently depending
on whether monetary policy rates are changed or not. In this regard,
monetary policy moves usually take place when market uncertainty
can be expected to be higher than normal, such as risks of very
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low inflation or outright deflation,'’ or when there is uncertainty

regarding an expected future strengthening of economic activity.'?
Furthermore, some interest rate moves take place during extreme
market conditions. One example was the joint interest rate reduc-
tion of 50 basis points by the ECB and the Federal Reserve in the
aftermath of the September 11 terrorist attack. Using daily data,
Wilhelmsen and Zaghini (2005) find less predictability—the latter
measured as the standard deviation in money market rates—when a
modification in the official policy rate is decided on, compared with
days when the monetary policy authority does not change the offi-
cial rate. This pattern holds true for all fourteen economies included
in their study.

Figures 6A—6D decompose the volatility pattern between mon-
etary policy events when policy rates are adjusted and when they
remained unchanged. As seen in figures 6A and 6B, the elevated
volatility in euro-area stock and bond markets during monetary pol-
icy announcements seems to be related to the periods when the ECB
decided to change rates. In contrast, monetary policy decisions by
the Federal Reserve induce elevated stock and bond market volatility
independent of the outcome (see figures 6C and 6D).

One possible explanation for the different pattern of behavior
across the two markets can be related to an asymmetry in the mone-
tary policy surprises, i.e., that they are higher in magnitude when the
ECB changes rates compared with no change events. Table 5 sum-
marizes the mean and the standard deviation of the surprises condi-
tional on whether rates have been altered or not. Overall, the mean

1 An example of this was the 25-basis-point rate reduction by the Federal
Reserve in June 2003. The accompanying statement justified the decision: “The
Committee perceives that the upside and downside risks to the attainment of
sustainable growth for the next few quarters are roughly equal. In contrast, the
probability, though minor, of an unwelcome substantial fall in inflation exceeds
that of a pickup in inflation from its already low level.”

2 An example of this was the increase of 25 basis points by the ECB in Decem-
ber 2005. The accompanying introductory statement explained why: “On the
basis of our regular economic and monetary analyses, we have decided to increase
the key ECB interest rates by 25 basis points, after two and a half years of
maintaining rates at historically low levels. Looking ahead, on the external side,
ongoing growth in global demand should support euro area exports, while on
the domestic side, investment should benefit from continued favourable financing
conditions and the robust growth of corporate earnings.”
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Figure 6. Volatility Ratios on Days with and Days
without Changes in Monetary Policy Rates
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of the (absolute) surprises is somewhat higher in both economies
(and for both categories of surprises) when rates were changed com-
pared with those meetings when they remained unchanged. However,
the difference is particularly pronounced for the computed target
surprise of the ECB, which could partly explain why asset-price
volatility in the euro area is higher when policy rates are adjusted
compared with periods when policy rates are left unchanged.

To examine the asymmetric issue further, a slight modification
of the regression setup in equation (3) is used:

AVolratiot_307t+5 = a1 +asD + ﬁlth + ﬁQ’tDX + &4, (4)

where D is a dummy variable which takes on a value of 1 when
interest rates are changed, and a value of 0 if they are unchanged.
The matrix X corresponds to the independent variables (i.e., the
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Table 5. Summary Statistics of the Monetary Policy
Surprises

ECB Federal Reserve

Target Path Target Path
Surprise | Surprise | Surprise | Surprise

Mean of the Absolute

Surprises

Total Sample 3.0 1.0 2.5 3.4

When Rates Were Left 1.5 0.6 0.6 2.8
Unchanged

When Rates Were 13.0 14 4.0 4.0
Changed

Standard Deviation
of the Absolute

Surprises

Total Sample 5.6 14 5.6 3.2

When Rates Were Left 3.2 0.5 1.0 2.6
Unchanged

When Rates Were 7.7 1.9 7.1 3.5
Changed

absolute values of the target and path surprises). Equation (4) has
the following implications:

Mean volatility when D = 0 (i.e., monetary policy rates are
unchanged):

E(AVolratio|lD = 0,X) = a1 + /1 X. (5)
Mean volatility when D = 1 (i.e., monetary policy rates are altered):
E(AVolratiolD = 1,X) = (a1 + a2) + (1 + B2)X. (6)
Four different possibilities can be tested using this setup:
(i) a1 = ag and/or 1 = fo; the two regressions are the same.

(ii) an # a9 and/or (B = f2; the two regressions differ in the
intercept.
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Table 6. Regression Results Conditional on Altered
Monetary Policy Rates

Dependent
Variable Constant Abs(TS) Abs(PS)
AVolratioy 30,/ Constant| |D =1 |Abs(TS)| |D =1 |Abs(PS)| |[ID=1
German Bond 0.00 —0.36 0.09* 0.25%*
Markets (0.15) | (1.58) | (0.05) | (0.11)
Euro-Area Stock | —0.39** 0.29 0.03 0.00 0.56*** 0.43*
Markets (0.19) | (1.00) | (0.06) | (0.08) | (0.20) | (0.26)
U.S. Bond 1.83 —1.40 0.60%** 0.24
Markets (1.14) (1.35) (0.22) (0.34)
U.S. Stock 0.81 —0.40 0.59%** —0.20
Markets (0.88) | (0.99) (0.19) (0.19)

Notes: The regression specification follows the one specified in equation (4) to test
whether price sensitivity differs during periods when the central banks change policy
rates. Newey-West heteroskedasticity-consistent standard errors are in parentheses.

¥ ¥* and *** denote significance at the 10, 5, and 1 percent levels, respectively.

(iii) oy = ag and/or B; # [o; the two regressions have the same
intercept but different slopes.

(iv) a1 # ag and/or (31 # (2; the two regressions have different
intercepts and different slopes.

Thus, a significantly positive as coefficient suggests that volatil-
ity on average is higher when monetary policy rates are altered com-
pared with periods when rates are left unchanged. In the same vein,
a significant positive coefficient of (B2 implies stronger asset-price
sensitivity when monetary policy rates are altered compared with
periods when rates are left unchanged. Of particular interest is to
test the significance of ag and/or f for the German bond markets
and the euro-area stock markets. This could shed further light on
the factors driving the elevated volatility following alterations of the
ECB’s monetary policy rates, as shown in figure 6. Table 6 out-
lines the results of the regressions after dropping the non-significant
variables from equation (3).

The table reveals that asset-price sensitivity is not linear for the
German bond markets and the euro-area stock markets. Instead, the
volatility pattern is different depending on if policy rates have been
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Figure 7. Changes in German Bond Volatility Ratio
(y-axis) and the ECB Monetary Policy Target Surprise
(x-axis): Sample Includes Only Observations when the

ECB Left Monetary Policy Rates Unchanged
(April 1999-May 2006)
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altered or not. For the German bond market, the null hypothesis
of equal slope coefficient can be rejected at the 5 percent level. For
the euro-area stock markets, the null hypothesis of equal slope coef-
ficient can be also be rejected, but only at the 10 percent level. As
regards the United States, no differences in the asset-price reaction
following either scenario can be detected.

Figures 7 and 8 illustrate the differences in asset-price pattern
for the German bond market volatility ratio by scatter-plotting the
volatility ratios against the target surprises. The figures suggest that
intraday volatility tends to be of larger magnitude (see figure 8) when
interest rates are changed than when they are not changed (see figure
7), even when the surprises are of the same magnitudes. Comments
from the financial press after the interest rate decisions highlighted
in figure 8 seem to suggest that the interest rate decisions took the
markets by surprise during these occasions; see table 7.

5. Concluding Remarks

Monetary policy decisions and the expected path of future policy
rates strongly influence asset prices. Among the worlds’ leading cen-
tral banks, monetary policy actions by the Federal Reserve and the
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Figure 8. Changes in German Bond Volatility Ratio
(y-axis) and the ECB Monetary Policy Target Surprise
(x-axis): Sample Includes Only Observations when the

ECB Altered Monetary Policy Rates
(April 1999-May 2006)

ECB are particularly monitored among investors, as they control
short-term interest rates in the two major economies. This paper
tries to shed some light on the link between monetary policy deci-
sions and asset-price reactions. Using long-time series of intraday
data, U.S. and euro-area bond and stock market intraday volatility
patterns surrounding monetary policy decisions by the two central
banks are derived. Overall, both the ECB and the Federal Reserve
decisions induce an upsurge in intraday volatility on their respective
bond and stock markets. The reactions of U.S. financial markets
following the Federal Reserve’s decisions are more pronounced com-
pared with the reaction the ECB exerts on the German bond markets
and the euro-area stock markets. Although this paper provides some
tentative explanations that partly explain this discrepancy between
the two markets, their decoupling patterns still remain a puzzle.
As a next step, monetary policy target and path surprises are
used as explanatory variables when explaining these upsurges in
volatility. Monetary policy surprises are suitable candidates for this
purpose, as only new news should in theory affect asset prices. The
paper finds that monetary policy target surprises by the ECB sig-
nificantly induce higher than normal volatility in the German bond
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Table 7. Financial Market Comments to ECB Monetary

Policy Decisions

Date

Interest
Rate
Move

Target
Surprise

Comment

June 8, 2000

May 10, 2001

Oct. 5, 2000

450 bp

—25 bp

+25 bp

26.25

—24

18.75

Financial Times (June 9,
2000): “The ECB rate rise
demonstrated the bank is not
afraid of making decisions that
surprise the markets. ... Most
investors expected rates to go
up by 25 basis points and did
not price in a 50 basis points
rise. ... German 10-year bund
prices advanced despite the
surprisingly aggressive rise in
interest rates while the
short-dated bonds sold off.”
Financial Times (May 11,
2001): “Interest rates fall across
Europe. ... Markets were
stunned by the ECB’s 0.25
percentage point reduction in
its main interest rate to 4.5 per
cent. It was the ECB'’s first cut
for more than two years and
caught investors unprepared.”
Financial Times (October 6,
2000): “The biggest surprise in
the government bond markets
yesterday was the European
Central Bank’s decision to raise
interest rates by 25 basis points
to 4.75 per cent, with prices on
government bonds falling in
response. . . . After the initial
shock wore off, bond prices
recovered.”

(continued)
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Table 7. (Continued)

Date

Interest
Rate
Move

Target
Surprise

Comment

March 6, 2003

Dec. 5, 2002

—25 bp

—50 bp

12.5

-9.6

Financial Times (March 7,
2003): “Short-dated eurozone
government bond prices
recovered their early losses
yesterday, despite the European
Central Bank’s decision to
lower interest rates by a quarter
rather than a half point. The
ECB cut rates to 2.5 per cent,
but comments by Wim
Duisenberg, ECB president,
suggested further easing was on
the cards.”

Financial Times (December 6,
2002): “European government
bond trading was dominated
yesterday by interest rate
decisions, notably the European
Central Bank’s half-point cut
to 2.75 per cent. ... Eurozone
bonds initially rose on the
ECB’s announcement of its first
reduction in rates for more
than a year.”

markets. In addition, path surprises by the Federal Reserve have, on
average, a larger influence on U.S. bond and stock market volatility
compared with target surprises.

When decomposing the asset-price reaction based on whether
monetary policy rates have been altered or not, the level of intraday
volatility of the German bond markets and the euro-area stock mar-
kets is found to be higher when interest rates are changed. This can
probably be linked to two factors. First, monetary policy surprises
are, on average, of a larger magnitude when the ECB decides to
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change rates compared with meetings which resulted in no change.
Second, there is a non-linear asset volatility price sensitivity—which
is particularly pronounced for the German bond markets—in that
bond markets react significantly stronger to a given target surprise
by the ECB when there has been a change in the official rate com-
pared with periods when the policy rates have not been altered.

Building on this study, a key direction for future research would
be to find further evidence of factors that could explain the pro-
nounced asset-price reaction in the U.S. financial markets following
interest rate decisions by the Federal Reserve, compared with the
more muted feedback on euro-area asset prices surrounding the
ECB’s monetary policy decisions.

Appendix

The volatility measure used as the dependent variable in regres-
sions (3) and (4) is defined as the ratio between volatility on mone-
tary policy days and volatility on the same weekdays and hours but
when no monetary policy decisions are taking place. More specifi-
cally, let £k =1,2... K be the days of monetary policy decisions and
d=1,2...D be the same weekdays, but when no monetary policy
decisions are taking place. The intraday change in the volatility ratio
for asset ¢ on a monetary policy decision day k is then calculated as

: bs(RLF bs(RUF_
AVolmtioszt: C]LDS( t—O?d _ ‘25( t= .3;))
% d; abs(Ry%)) & d; abs(R:Y 40)

R represents the five-minute log-return.
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The Geography of International Portfolio
Flows, International CAPM, and the Role of
Monetary Policy Frameworks*

Roberto A. De Santis

European Central Bank

Using bilateral data on international equity and bond flows,
we find that (i) the prediction of the International Capital
Asset Pricing Model is partially met and that global equity
markets might be more integrated than global bond markets,
and (ii) asset allocators engage in trend-chasing activities, par-
ticularly in bond markets. Moreover, over the turbulent 1998-
2001 period characterized by an equity bubble and the subse-
quent burst, we find evidence that investors preferred portfolio
assets of countries where the central bank gave relative impor-
tance to money. As for EMU, once controlling for diversifica-
tion benefits and the elimination of the exchange rate risk, we
show that cross-border portfolio flows among euro-area coun-
tries have increased due to the catalyst effect of EMU. Coun-
tries’ shares in the world market portfolio, home bias, initial
degree of misallocation across countries, past returns, diversi-
fication benefits, and EMU can explain 35-40 percent of the
total variation in equity and bond asset flows.

JEL Codes: C13, C21, F37, G11.

1. Introduction

The International Capital Asset Pricing Model (IntCAPM) suggests
that international investors should hold assets of each country in

*The views expressed in this paper are those of the author and do not nec-
essarily reflect those of the European Central Bank or the Eurosystem. Author
Contact: European Central Bank, Kaiserstrasse 29, 60311 Frankfurt am Main,
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proportion to the country’s share in the world market portfolio.!
This implies that all countries, in a world without transaction and
information costs, would hold the same portfolio and would diver-
sify their investment in other countries in proportion to the size of
their financial markets. In this respect, global indices such as the
popular Morgan Stanley Capital International (MCSI) All Country
World Index (ACWI), Datastream Global index, and Standard and
Poor’s (S&P’s) Global index are widely used by investors as their
performance benchmarks for the global asset portion of their equity
portfolio. The first aim of this paper is to examine whether countries
allocate money according to the simple prediction of the IntCAPM.
We also assess the empirical relevance of the IntCAPM for the bond
market. In order to carry out this test, we employ the Lehman Broth-
ers Multiverse index released in 2001 as the benchmark for the global
bond market.

It is useful to point out that recent studies have looked at the con-
temporaneous link between the actual weight of country j in fund
1’s equity portfolio and the optimal weight suggested by the Int-
CAPM for emerging markets (Gelos and Wei 2005). We instead aim
at investigating whether portfolio flows (divided by the size of the
investors) and, therefore, the global reallocation of portfolio capital
across twenty-three developed countries and seven emerging-market
economies are functions of the optimal weights at the beginning of
the period as suggested by the IntCAPM.

In order to carry out such a study, we construct a database on
bilateral cross-border equity and bond flows for thirty countries cov-
ering in 2001 80 percent of world GDP, 84 percent of world inter-
national investment in equity portfolios, and 71 percent of world
international investment in bonds and notes portfolios. Therefore,
the thirty countries of the sample and the cross-section of 870 bilat-
eral observations encompass all important international investment
decisions (excluding official investments by monetary authorities).

Specifically, we construct measures of bilateral net asset flows of
equities and bonds mainly on the basis of the International Monetary

!The International Capital Asset Pricing Model and the Intertemporal Asset
Pricing Model are often referred to using the same label: I-CAPM. We use
IntCAPM to avoid confusion.
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Fund (IMF) Coordinated Portfolio Investment Survey (CPIS) data-
base, which reports bilateral holdings at end-1997 and end-2001. We
define net asset flows of equities and bonds as the purchases minus
the sales of country k’s equities and bonds by citizens of country c.
The considered period was characterized by the sharp rise in cross-
border capital flows globally, the increased percentage of household
savings invested in capital markets, the boom and bust of the equity
bubble, and the establishment of European Economic and Monetary
Union (EMU) in January 1999. Looking at cumulated portfolio net
asset flows over the four-year period 1998-2001 has the advantage
of abstracting from short-run variations in international portfolio
flows, which could be due to unexpected economic news and cyclical
developments, as well as phenomena which are difficult to pin down.

The second aim of the paper is to assess whether, during this
turbulent period for asset markets, central banks’ monetary pol-
icy frameworks across countries influenced the geography and size
of international capital flows.? As a consequence of the asset-price
shocks, international investors might have preferred to reallocate
their portfolio assets toward countries that gave importance to spe-
cific characteristics of monetary policy frameworks. Therefore, we
employ the results of a survey commissioned and coordinated by the
Bank of England in 1998 aiming at measuring several key charac-
teristics of the monetary frameworks consistently across ninety-four
central banks (Mahadeva and Sterne 2000). Moreover, given the new
monetary policy framework, which came to light in Europe in Janu-
ary 1999, we also look and control for the potential impact of EMU
on global portfolio flows as found by Lane (2006) for fixed-income
investments and by De Santis and Gérard (2009) for both equity
and fixed-income investments.

International portfolio flows have skyrocketed in the last fifteen
years, and a large number of studies have tried to explain their

2A large body of the literature pointed to the importance of institutional
characteristics of the monetary policy framework—such as central banks’ inde-
pendence, accountability, and transparency—to control inflationary expectations
and safeguard financial stability (i.e., Rogoff 1985; Alesina and Summers 1993).
Several measures of central banking independence were also constructed and
used to study the impact on inflation (Grilli, Masciandaro, and Tabellini 1991;
Cukierman 1992; Jacome and Vézquez 2005).
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determinants. However, data limitations have meant that these con-
tributions focused on country aggregates of net equity and debt flows
(De Santis and Lithrmann 2009), on country aggregates of inflows
of equity capital—foreign direct investment plus portfolio equity
securities—(Alfaro, Kalemli-Ozcan, and Volosovych 2007), or have
only considered a single source country, most often the United States
being the recipient or the source of the investment (Bohn and Tesar
1996; Brennan and Cao 1997; Coval and Moskowitz 1999; Froot,
O’Connell, and Seasholes 2001; Huberman 2001; Ahearne, Griever,
and Warnock 2004). Portes and Rey (2005) is the only study that
looks at bilateral cross-border equity flows between fourteen coun-
tries pointing to the role played by information costs. De Santis and
Gérard (2009) is the only study looking at the determinants of bilat-
eral changes in portfolio country weights in both equity securities
and fixed income for a panel of thirty countries pointing to the role
played by the non-linear fully hedged diversification benefits, the ini-
tial degree of misallocation, and the establishment of EMU. Another
branch of the literature has studied the determinants of bilateral
bank and portfolio holdings using empirical methods borrowed from
the traditional gravity models of international goods trade (Faruqee,
Li, and Yan 2004; Lane 2006; Aviat and Coeurdacier 2007; Lane and
Milesi-Ferretti 2008; Papaioannou 2009).

Our main contribution to the literature is that we find clear evi-
dence that portfolio asset flows are influenced positively by the rela-
tive size of the recipient countries’ financial markets. The predictions
of the IntCAPM are only partially met, as the estimated coefficient
on the benchmarks is less than unity: 0.4 for the equity portfolio
and 0.2 for the bond portfolio. Moreover, we find that asset alloca-
tors engage in trend-chasing activities, particularly in bond markets.
These results do not change when controlling for home bias and the
initial degree of underweight, which enters non-linearly, therefore
potentially proxying for initial direct and indirect costs.

We also find that, during the turbulent 1998-2001 period, inter-
national investors in both equity and fixed-income markets had a
tendency to purchase assets issued by countries whose monetary
authorities gave importance to money.

We estimate on a 95 percent confidence interval the potential cat-
alyst effect of the euro within the euro area to amount to USD 22-47
billion in equity securities and USD 32-76 billion in bonds and notes,
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which implies that EMU might have enhanced risk sharing among
euro-area member states. The catalyst effect of the euro is esti-
mated after controlling for the elimination of the exchange rate risk
among euro-area member states and the effect of being a member
of the European Union (EU). EMU boosted the cross-border invest-
ment activity among euro-area member states due to the removal of
intra-area currency-matching rules, the sharing of common trading
platforms, and the cross-border merger of the Amsterdam, Brussels,
Lisbon, and Paris exchanges (Euronext).

The proportion of the total variation explained by our empirical
models amounts to 35-40 percent for both equity and bond flows.
This is a valuable result given that we look at the geography of
international portfolio flows during a very difficult period for asset
management.

The remainder of the paper is organized as follows. Section 2
discusses the key ideas. Section 3 describes the databases used for
the analysis. Section 4 outlines the empirical approach and tests
the IntCAPM. Section 5 assesses the role of monetary policy frame-
works and estimates the potential impact of EMU on portfolio flows.
Section 6 reports how robust the model specifications are when con-
trolling for other variables, which could potentially affect portfolio
flows. Section 7 concludes.

2. A Simple Theory

2.1 The IntCAPM

Consider a representative investor from a generic country c¢ and let
v, denote the investor’s degree of risk aversion. Also, indicate with
p, the (N x 1)-vector of expected returns in excess of the risk-free
rate on the N risky assets, and with 3. the expected (N x N)-
covariance matrix for the risky assets, where the subscript ¢ indi-
cates that returns are measured in the currency of country c. If the
investor faces no constraints on foreign holdings and financial mar-
kets are perfectly integrated, mean-variance optimization implies the
following portfolio allocation:

1
* —1
wc,t - 720,1‘ l'l’c,ta
c
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where w; ,; is the (IV x 1)-vector of optimal weights for the N risky
assets.

The optimal weights are not observable. However, in a fully
integrated world where purchasing power parity (PPP) holds, Sol-
nik (1974) and Sercu (1980) show that the international version of
the simple CAPM of Sharpe (1964) and Lintner (1965) holds: the
market equilibrium is achieved when all investors hold the world
market portfolio, where each country portfolio is weighted by its
market capitalization. Therefore, an observable estimate of the opti-
mal weight invested in each country k is equal to that country k’s

market capitalization weight in the world index portfolio, wfg’;Ch:

w = i
There exist several standard benchmarks for the equity portfolio,
such as the popular MCSI ACWI, Datastream Global index, and
S&P’s Global index, as they provide consistent data, have suffi-
ciently long price history, and are widely used by global investors.
We use the Datastream Global index and compare the results with
S&P’s Global index, as both include the country coverage used in
this study.

To our knowledge, a similar benchmark for the bond portfolio
for such a number of countries was never used due to difficulty in
compiling countries’ bond market capitalization at market value. In
January 2001, Lehman Brothers launched a new index (i.e., Multi-
verse index), which provides a broad-based measure of the interna-
tional fixed-income bond market, with index history dating back to
January 1999. Multiverse index provides information on the overall
status of the global debt asset class and offers a means to compare
the entire global debt asset class across countries.

Table 1 provides the estimated market shares across countries in
both equity and bond markets, which will then be used to test the
IntCAPM. The first and second columns report the equity portfolio
weights computed using the market value of the Thomson Data-
stream and S&P’s Global indices, respectively. The last two columns
report, respectively, the bond portfolio weights computed using the
market value of the Lehman Brothers Multiverse index and the out-
standing amount as reported by the Bank for International Settle-
ments (BIS). The equity portfolio weights of Datastream and S&P
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Table 1. Portfolio Weights (percentage share)
Equity Portfolio Bond Portfolio
Datastream | S&P |Lehman Bros.

Global Global Multiverse

Index Index Index BIS

End-97 End-97 End-98 End-97
Argentina 0.31 0.26 0.39 0.16
Australia 1.35 1.28 0.55 0.56
Austria 0.17 0.15 0.72 0.64
Belgium 0.64 0.59 1.96 1.43
Bermuda — 0.01 0.02 0.01
Canada 2.47 2.46 2.56 2.07
Chile 0.29 0.31 0.03 0.19
Denmark 0.40 0.41 0.88 1.26
Finland 0.35 0.32 0.83 0.26
France 3.32 2.92 6.12 4.10
Germany 4.18 3.57 6.06 7.76
Iceland — 0.01 0.00 0.02
Indonesia 0.12 0.13 0.04 0.29
Ireland 0.24 0.21 0.25 0.12
Israel 0.13 0.20 0.01 0.43
Italy 1.80 1.49 5.65 5.46
Japan 12.51 9.59 7.18 16.37
Korea 0.14 0.20 0.17 0.37
Malaysia 0.36 0.40 0.01 0.18
Netherlands 2.75 2.03 2.14 1.45
New Zealand 0.17 0.13 0.13 0.07
Norway 0.30 0.29 0.18 0.26
Portugal 0.30 0.17 0.32 0.24
Singapore 0.53 0.46 0.11 0.07
Spain 1.25 1.26 2.48 1.31
Sweden 1.10 1.18 1.09 1.03
Thailand 0.09 0.10 0.01 0.05
United Kingdom 10.50 8.64 4.74 2.78
United States 44.90 48.92 53.57 48.02
Venezuela 0.04 0.06 0.11 0.11
Subtotal 90.69 87.73 98.31 97.06
Total (USD billion) 17,634 23,116 10,355 19,054

Note: This table presents the sample descriptive statistics for portfolio weights used
to test the validity of the IntCAPM.
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are very similar. Some small differences can be identified for the bond
portfolio weights mainly due to the fact that the Lehman Brothers
Multiverse index is evaluated at market value, while the BIS bond
outstanding is at face value.

The computations reported in table 1 indicate that according
to the IntCAPM, almost 50 percent of world portfolio should be
invested in U.S. securities. As for the euro area (e.g., Luxembourg
and Greece), approximately 14 percent of world portfolio should be
invested in euro-area equity securities and 25 percent in euro-area
bonds.

We will report the empirical results using Datastream weights for
equity portfolio and Lehman Brothers weights for bond portfolio.?
It is useful to point out that all the results remain invariant when
using, respectively, S&P weights and BIS weights.

2.2 The Role of Central Banks

There is no doubt that capital flows are affected by the institutions
of a country (Alfaro, Kalemli-Ozcan, and Volosovych 2007; Coeur-
dacier, De Santis, and Aviat 2009; De Santis and Lithrmann 2009).
However, there is no empirical study looking at the role of central
banking institutional setting. Surely, monetary policy influences the
decisions of international investors, but less obvious is understand-
ing why specific central bank monetary policy characteristics should
affect international investment decisions. Moreover, at the turn of
the century, as a consequence of the asset-price shocks, international
investors might have preferred to reallocate their portfolio assets
toward countries that gave importance to specific characteristics of
monetary policy frameworks.

Therefore, we employ the results of a comprehensive survey com-
missioned by the Bank of England in 1998, because it aimed at
measuring consistently the diversity in monetary frameworks across
ninety-four central banks with a coverage of characteristics that
stretched beyond previous studies (Mahadeva and Sterne 2000).
Specifically, we look at the following characteristics: (i) short- and

3The employed portfolio weights for Bermuda and Iceland amount to 0.01
percent as indicated by S&P’s Global index.
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medium-term policy focus—inflation, money, exchange rate, and dis-
cretionary policy; (ii) institutional characteristics—independence,
accountability, and transparency of policy explanations; and (iii)
structural characteristics—importance given to financial stability in
the setting of monetary policy instruments.

Central bank independency is defined by a range of character-
istics covering legal objectives, goal, instruments, finance of the
government deficit, and term of office of the governor.

The measure of accountability was constructed by assessing how
far the central bank has a legal or informal responsibility to explain
and defend its policies to government and parliament and to involve
parliament in monetary policy decisions. Therefore, the measure
relates to accountability to a specific target as well as to govern-
mental and parliamentary monitoring of the central bank.

The measure of policy explanations is defined by the effort
made by the central bank in explaining policy decisions, assess-
ment of the economy, and forecasts and forward-looking analy-
sis. It can be interpreted as one aspect of transparency in that
deeper explanations of policy, which allow us to understand its
goal and the means by which policymakers react to changes in eco-
nomic conditions, is one important manifestation of higher degree of
transparency.

As for the measures of monetary policy objectives, they are
defined and classified by the exchange rate, money growth, and
inflation dimensions, rather than just one dimension, and give the
degree to which a country’s policy focused on a particular objective.
Therefore, the survey is constructed to avoid a 100 percent commit-
ment to a single objective, as in most cases definitions that focus on
the explicit variable targeted may not fully capture policy prefer-
ences. The general measure of discretion is a non-linear combination
of the scores for exchange rate focus, money focus, and inflation
focus.

Finally, the importance of financial stability in the monetary
framework is defined by various financial stability issues, such as
the volatility of asset prices, domestic and overseas financial sector
insolvency, and credit rationing.

The eight indices range between 0 and 100, where a high score
implies more independence, more accountability of central bank to
government, more policy explanations to those outside the central
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bank, and a higher degree of importance given to policy objectives
and financial stability issues (see table 2).%

Some of these indices are also strongly correlated (see table 3).
The focus on the exchange rate is strongly correlated with the focus
on inflation and money, with the transparency index, and with the
importance given to financial stability; in turn, the focus on money
is strongly correlated with the importance of financial stability.

Interestingly, independence and accountability are negatively
correlated (—20 percent), which implies that explaining and defend-
ing monetary policies to government and parliament and the involve-
ment of parliament in monetary policy decisions might be partly seen
by central banks as an infringement on their independence.

2.8 The Role of EMU

The establishment of EMU in January 1999 was a fundamental
institutional change in the world economy that has affected the
direction and the magnitude of global portfolio flows. Lane (2006)
and De Santis and Gérard (2009) uncover evidence of euro-area
investors having assigned a higher weight to portfolio investment
in euro-area countries, which implies that EMU has facilitated
portfolio market access, enhancing risk sharing and regional finan-
cial integration. EMU boosted the cross-border investment activity
among euro-area member states due to the removal of intra-area
currency-matching rules, the sharing of common trading platforms
(such as the MTS model composed of several national European
markets for trading fixed-income securities),” and the cross-border
merger of the Amsterdam, Brussels, Lisbon, and Paris exchanges
(Euronext).

In most countries, portfolio funds are often subject to some
form of restriction on the level of their non-domestic investment.

4For a comprehensive analysis on the construction of all the indices measuring
the monetary policy frameworks across countries, refer to chapter 4 of Mahadeva
and Sterne (2000). Bermuda and Venezuela are not included in the survey. There-
fore, we use the U.S. characteristics for Bermuda, as the Bermuda dollar is at
par with the U.S. dollar, and we use the Uruguay characteristics for Venezuela
given the similarities of the monetary policy frameworks of these two countries
(see Jacome and Vézquez 2005).

®Detailed information can be found at http://www.mtsgroup.org/.
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Currency-matching rules for portfolio funds, for example, are set to
ensure that foreign currency risk is reduced. Since the introduction
of the euro in January 1999, the intra-euro-area currency-matching
rule has shifted from national currencies to the euro. The resulting
greater flexibility allowed individual euro-area country portfolios to
secure better diversification of investment risk by purchasing more
non-domestic euro-area assets.%

To control for the effect of EMU on global capital flows as well
as to measure its average impact, we include two sets of binary vari-
ables. First we include a dummy which takes the value of 1 if the
country receiving the investment belongs to the EMU. The coeffi-
cient of this dummy measures the average portfolio asset flow into
individual EMU countries for all investors. However, the effect of the
single currency may be more pronounced on the investment decisions
of investor-residents in the euro area. To control for this differential
effect, we include a dummy variable which takes the value of 1 when
both investing and receiving countries belong to the EMU. The coef-
ficient of this dummy measures the average portfolio asset flow into
individual euro-area countries for all euro-area investors that comes
in addition to the average flow observed for all investors. Accord-
ingly, it quantifies the average financial integration effect of EMU
for the individual euro-area member state.”

SFor example, Europe’s life insurance companies could not hold more than 20
percent of their assets in foreign currencies unless they were matched by liabili-
ties denominated in the same currency. As the vast majority of those liabilities
were denominated in national currency, so were most of the assets. Quantitative
restrictions are also typical for pension funds. For a description of the restric-
tions in the EU before EMU, see International Monetary Fund (1997, table 63,
p. 213).

TA further complication comes from the role of the London market as a major
intermediary of foreign investments from and to the rest of the world. Due to
the large size and higher sophistication of the London markets, many investors
choose to make their foreign investments via the United Kingdom. For exam-
ple, a Japanese investor may choose to select a British investment manager
to invest in euro-area equities and bonds. The IMF data on portfolio holdings
report an accurate country breakdown of bilateral investment, which tries to iden-
tify the residence of the issuer. Nevertheless, since the city of London is a key
European player, we control for that by including two additional dummies. The
first dummy takes a value of 1 if the receiving country is the United Kingdom.
A second dummy takes the value of 1 if the investing country belongs to the
EMU and the receiving country is the United Kingdom.
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3. Data: The Geography of International Portfolio Flows

The IMF Coordinated Portfolio Investment Survey (CPIS) database
reports the portfolio positions of international investors, excluding
the official holdings of monetary authorities disaggregated by regions
and instruments. More specifically, the CPIS data set provides a
geographical breakdown of international portfolio holdings disag-
gregated by three instruments—equity securities, long-term debt
securities, and short-term debt securities—and includes virtually all
major international investment, excluding foreign direct investment.
An additional advantage of this data set is the consistency of the
compilation criteria:

e Participants undertake a benchmark portfolio asset survey at
the same time.

e Participants follow definitions and classifications that are
mutually consistent by following the methodology set out in
the fifth edition of the IMF Balance of Payments Manual.

e All participants provide a breakdown of their stock of port-
folio investment assets by the country of residency of the
non-resident issuer.

There are also several issues related to the CPIS database: (i)
data on the rather poor countries is missing; (ii) coverage is incom-
plete due to lack of important portfolio holders, such as Middle East
countries and China; (iii) several transactions are reported as con-
fidential for offshore financial centers and emerging markets; (iv)
liabilities are bigger than assets, pointing toward underreporting;
and (v) collection methods differ from country to country, which is
an issue particularly for identifying the nationality and/or institu-
tional type of the investor. However, we focus the analysis on the
most important countries, which have a long experience in com-
piling balance of payments data and international investment posi-
tions, while at the same time encompassing all important interna-
tional investment decisions. The exclusion of Middle East countries,
China, and monetary authorities is desired, as they have been pur-
chasing securities to control developments in the exchange rate or
strategic assets. Both objectives are not related to the mean-variance
optimization.
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The CPIS database for the year 1997 covers twenty-nine of the
largest economies in the world, nine of which belong to the euro
area—Austria, Belgium, Finland, France, Ireland, Italy, Nether-
lands, Portugal, and Spain; the three old EU member states but
not members of the euro area—Denmark, Sweden, and the United
Kingdom; another ten developed countries—Australia, Bermuda,
Canada, Iceland, Israel, Japan, New Zealand, Norway, Singapore,
and the United States; four Asian emerging markets—Indonesia,
Korea, Malaysia, and Thailand; and three Latin American emerging
markets—Argentina, Chile, and Venezuela. Germany did not report
data in 1997, but did so in 2001. Since Germany is a key euro-area
member and its international portfolio holdings are substantial, we
used an annual database on international investment positions from
the Bundesbank to derive the geographical allocation of equities and
bonds and notes positions abroad held by German residents at end-
1997. Specifically, we use the Bundesbank 1997 and 2001 records
and adjust all the 1997 positions consistently (including exchange
rate movements) to make them comparable to the 2001 holdings
recorded in the CPIS. In all, we employ a matrix formed by thirty
countries (that is 870 observations). However, we excluded from the
database the investing countries that allocated explicitly to specific
receiving countries less than 75 percent of their international port-
folio either in 1997 or in 2001, or those countries that held less than
100 million in U.S. dollars in their international portfolio in 1997
or in 2001. In other words, we opted for excluding from the cross-
section analysis economies that reported undetermined investment
positions vis-a-vis the countries in the sample.®

The change in foreign holdings from end-1997 to end-2001 could
be due to capital gains, exchange rate changes, portfolio trans-
actions, and other adjustments (i.e., reclassification). Under the
hypothesis that cross-border other adjustments are relatively neg-
ligible, the actual portfolio flows from the investing country c¢ to
the receiving country k over the period 1998-2001, T,k ., can be
computed using the IMF data model widely employed in the field of

8We excluded the investment of Argentina, Indonesia, Israel, Thailand, and
Venezuela from the equity holdings database and the investment of Iceland, Israel,
and New Zealand from the long-term debt instrument holdings database. How-
ever, in doing so, we simply lose, respectively, 0.05 percent and 0.20 percent of
allocated global equity and bond holdings.
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balance of payments, international investment positions, and exter-
nal debt statistics:”

~( Inve k01 Inve ko7 \_ _
Teg,: = - €k, tDk,t
€k,01Pk,01 €k,97Pk,97

€k,tDy t

_ Inve 1 01
(1
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where Inv. . is the amount invested by country cin country k financial
assets and held in country c currency; e and py, are, respectively, the
exchange rate (i.e., country ¢ currency per unit of country k currency)
and the asset price in country k financial assets at the end of 1997
and at the end of 2001; zj ; and r ; are, respectively, the change in
the exchange rate and the total asset return over the four-year period;
and ey + and py, , are, respectively, the average exchange rate and the
average asset price over the same period. This approach implies that
transactions are assumed to occur uniformly over the period 1998—
2001. However, it facilitates the computation of the bilateral cross-
border portfolio flows, as they do not depend on the choice of the price
indices’ base year.

As for the exchange rate adjustments, one should note that most
of the global portfolio allocation is in U.S. dollars and euros. Accord-
ing to a subtotal of thirteen countries used in this study, 75 percent
of equity portfolio and 80 percent of long-term debt portfolio are held
in these two currencies. International investors also held less than
10 percent of their portfolios in British pounds and Japanese yen.
Therefore, it would be a mistake to use local currencies in estimat-
ing cross-border portfolio flows. Moreover, London is a key European
financial center generally issuing European assets in euros. Since the
Japanese yen depreciated by only 1 percent against the U.S. dollar
over the 1998-2001 period, and given the lack of a disaggregated cur-
rency and geographical breakdown of portfolio holdings, a potential
alternative is to assume that all assets issued by European countries
are issued in euros, while all assets issued by non-European coun-
tries are issued in U.S. dollars. This assumption finds its support in
the European Central Bank’s studies on the international role of the
euro, which point out that (i) the use of the euro in international

9See Committeri (2000) for a comprehensive analysis.
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markets has a strong regional dimension, as it is focused on countries
and financial centers geographically close to the euro area, and (ii)
the city of London plays a pivotal role regarding the use of the euro
outside the euro area (European Central Bank 2003).

Table 4 reports the estimated cross-border portfolio flows aggre-
gated for the thirty countries in the sample and the aggregate cumu-
lated figures reported by the International Financial Statistics (IFS)
of the IMF over the same period. The estimated flows and the TFS
figures are not directly comparable, as important countries such as
offshore centers and several Asian and Latin American countries are
not included in the CPIS database. Moreover, the cross-border flows
of debt instruments reported by the IFS include official flows from
monetary authorities and are the sum of bond and money market
instrument flows. For example, the estimated foreign capital flows in
U.S. long-term debt securities amount to USD 173 billion, while the
U.S. debt liabilities reported by the IFS, which include the flows of
foreign monetary authorities and offshore centers, amount to USD
869 billion. However, it is useful to point out that the reserve assets
of Japan, China, and Southeast Asian countries increased by approx-
imately USD 450 billion over the 1998-2001 period, and it is gener-
ally agreed that the Asian monetary authorities purchased mostly
U.S. Treasury securities. It is also generally believed that monetary
authorities might have a different profit-maximizing behavior than
private investors. Hence, the exclusion of their investment decisions,
which is implicit when using the CPIS database, is cardinal to test
the IntCAPM.

Although differences for individual transactions clearly exist,
the cross-section is acceptable. In fact, the correlation coeflicients
between the estimated and the IFS figures amount to 95 percent
and 88 percent on the asset side of equity and bond securities, and
to 90 percent and 78 percent on their respective liability side.

The aggregate results for four country groupings show that port-
folio flows of euro-area member states were substantially larger
compared with other regions, particularly in the bond market (see
table 5). A deeper inspection of the data reveals, first, that all
regions of the world purchased euro-area assets over the period 1998-
2001 (see figure 1). Second, intra-euro-area allocation was extremely
high. The portfolio transactions among euro-area member states
amounted to USD 315 billion in equity securities and USD 754
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Figure 1. Changes in Non-Domestic Euro-Area
Assets by Region

A.Total Amount of Non-Domestic EMU Portfolio
Asset Flows Purchased by Region i (USD billions)
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Notes: Panel A reports the estimated portfolio net flows of EMU assets transacted
by residents of region 7 over the period 19982001 aggregated for four country group-
ings. Panel B reports the estimated flows relative to foreign assets held in region 4
over the average period 1998-2001. The ten EMU countries are Austria, Belgium,
Finland, France, Germany, Ireland, Italy, Netherlands, Portugal, and Spain. The
three non-EMU EU countries are Denmark, Sweden, and the United Kingdom.
The ten non-EU developed countries include Australia, Bermuda, Canada, Iceland,
Israel, Japan, New Zealand, Norway, Singapore, and the United States. The seven
emerging markets are Argentina, Chile, Indonesia, Korea, Malaysia, Thailand, and

Venezuela.
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billion in bonds and notes (see figure 1A), which represent, respec-
tively, 31 percent and 51 percent of the non-domestic equity and
bond assets held on average by euro-area member states over the
period 1998-2001 (see figure 1B).

Several transactions are not reported in the CPIS database. This
implies either a rational portfolio allocation decision of not investing
or the desire of not reporting confidential transactions. Specifically,
the zeros reported by countries with more than 75 percent of their
international portfolio allocated account for 6.7 percent and 16.6 per-
cent in equity and bond portfolios, respectively. It is important to
stress that the zero flows can still occur if there were no transactions
or if transactions just offset each other during the 1997-2001 period.
Also, negative transactions can occur if countries disinvested in 2001
relative to 1997. Such zero and negative flows are not truncated; they
remain part of the database. However, given the zero reporting for
some holding positions, we estimate the same model, excluding and
including such transactions. As shown in various regressions, results
are barely affected, partly suggesting that most of the zero holdings
are based on actual portfolio investment decisions.

4. The Empirical Approach: Testing the IntCAPM

In a fully integrated world where purchasing power parity (PPP)
holds, Solnik (1974) and Sercu (1980) show that the international
version of the simple CAPM of Sharpe (1964) and Lintner (1965)
holds. Moreover, the equilibrium is achieved when all investors
hold the world market portfolio, where each country’s portfolio is
weighted by its market capitalization. In this model, the optimal
share invested in each country k is equal to that country k’s market

capitalization weight in the world index portfolio, w,ﬁg’;c}‘.

The IntCAPM predicts a coefficient on wfg’;m equal to unity.
However, due to home bias, marginal and fixed transaction costs,
asymmetric information, heterogeneous belief about market perfor-
mance, and trend-chasing behavior, the prediction of the IntCAPM
might not hold. Therefore, first we regress bilateral portfolio flows
in equity and bond securities upon their respective benchmarks,
wfg’fh. Next, we control for the degree of home bias, the non-linear
deéree of misallocation at the beginning of the period, and asset
performance in the previous period. Specifically, we estimate the

following model:
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Bench
tekt = Qo + a1wy 97" + g HBc o7 + a3 AHB, 1

3
+ a4DWCk,97 + 0657’]4;7,5,1 =+ Et,

where t. ¢ denotes country c’s international transactions invested in
country k divided by country c’s average international holdings over
the 1998-2001 period; HB. 97 and AHB. o are country c’s degree
of home bias at the beginning of the period and its first difference
over the sample period; DW,y 97 denotes the degree of underweight
of country k assets in investor ¢’s portfolio at the beginning of the
period; 7 +—1 is the total returns on country k’s market portfolio
in the previous period; and ¢; is a well-behaved term for all other
determinants of portfolio asset flows.

Home bias on the part of an investor, HB.;, is broadly defined
as the tendency to invest more in domestic assets even though the
risk is shared more effectively if foreign assets are held. We expect
that the higher the degree of home bias, the larger the benefits of
further cross-border investments and the stronger the incentives for
international diversification. Hence, net portfolio flows should be
positively related to the degree of home bias at the beginning of the
period (ay > 0) and negatively related to its increase over the period
(a3 < 0). An index that is generally used to measure home bias is 1
minus the Foreign Asset Acceptance Ratio (FAAR).1® FAAR meas-
ures the extent to which the share of foreign assets in an investor’s
portfolio diverges from the share of foreign assets that would be held
in a “borderless” global portfolio. By this metric, home bias is higher
the lower FAAR is from unity. Specifically, FAAR is computed as the
actual share of foreign assets in total country holdings, wf;t, divided
by the optimal share of foreign assets in the total country portfolio,
1 — wP¢eh. This implies that

wéct
HB.; =1- ’

Bench”
1-— (Upg}

Since this measure is investor specific, it also plays the role of country
c’s fixed effect.

10Gee, for example, International Monetary Fund (2005) and De Santis and
Gérard (2009).
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The degree of underweight, DW,., is defined as the difference
between the optimal and actual share of country k assets in investor
c’s portfolio. It is generally agreed that the higher the costs in a par-
ticular foreign market, the more severely underweighted that country
will be in the investor’s portfolio (Ahearne, Griever, and Warnock
2004). Therefore, we use the initial degree of bilateral misallocation
partly to instrument the role played by direct and indirect costs and
asymmetric information on bilateral cross-border asset transactions.
The larger the initial difference between optimal and actual share,
the stronger the incentive to learn about the country and to reduce
the associated asset allocation costs in order to trade back to opti-
mal weights, reducing the position when the actual weight exceeds
the optimal weight and increasing the investment in an asset when
it is underweighted. Since our data focus exclusively on the foreign
holdings of each country, the optimal weight to be invested in coun-
try k by country c is equal to country k’s market capitalization in
the world market index, excluding the investing country c. Then

Bench
DWeg,07 = Wi 97 — Wek, 97,

Bench _ _Wk,97

I C
where w57 pand Wep g7 = wrem?

Tl-wlgy Dok Inve, k97

Since rebalancing a portfolio entails both direct and indirect fixed
transaction costs, it is unlikely to take place when bilateral actual
portfolio weights differ only slightly from bilateral optimal portfolio
weights. Therefore, we introduce some non-linearities by taking the
cube of this measure. We expect that the degree of underweight at
the beginning of the period affects non-linearly and positively the
geography of portfolio flows (ay > 0).11

' Ahearne, Griever, and Warnock (2004) and Portes and Rey (2005) pointed
out that direct and indirect costs, such as information costs, to trade assets in
a particular foreign market are key reasons why that country is more severely
underweighted in the investor’s portfolio. While these factors undoubtedly influ-
ence firms’ decisions about where to invest, a comprehensive evaluation of this
motivation is well beyond the scope of this paper, because we do not have meas-
ures of bilateral cross-border fixed costs on equity and bond allocation, which
often take the form of legal barriers and restrictive regulations. However, once
controlling for home bias, the initial non-linear degree of bilateral misalloca-
tion could proxy at least partly the initial fixed costs on cross-border portfolio
allocation.
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If portfolio decisions are based partly on past returns, then
investors might tend to underweight countries whose stock markets
have performed poorly. Bohn and Tesar (1996) found that inter-
national portfolio flows co-move with lagged measures of expected
returns. This suggests that international investors engage in positive-
feedback trading, also called “trend chasing.” To capture this type of
“returns-chasing” behavior a la Bohn and Tesar, we use past returns
and expect as to be positive.

The results reported in table 6 indicate that wlﬁg’;Ch is statisti-
cally significant, but its coefficient is less than unity: it is equal to
0.4 for equities and 0.2 for bonds (see specification 1). A country
that sees its market size increase by 1 percentage point relative to
the world market capitalization would attract international equity
(bond) flows amounting to 0.4 percent (0.2 percent) of the equity
(bond) assets held abroad by foreigners. The finding that the coeffi-
cient on the bond benchmark is half that on the equity benchmark
might imply that global equity markets are more integrated than
global bond markets.

The results do not change when we control for home bias (see
specification 2). On average, the decline in home bias in country ¢
increases international investment toward all destination countries
k in both models.

The results also do not change when we control for the non-linear
degree of underweight and past performance. Interestingly, the coef-
ficient on DW¢y 97 is not statistically significant when taking the
linear measure (not reported). Conversely, it is strongly statistically
significant for the bond flow model when taking the non-linear meas-
ure. One potential interpretation is the initial fixed-cost argument
discussed above. The willingness to close the initial gap between
the share of foreign assets that would be held in a “borderless”
global portfolio and actual foreign investment weights is an impor-
tant determinant of bond flows, as it raises the adjusted R? by 7 per-
centage points, from 14.6 percent in specification 2 to 21.9 percent
in specification 3.

Finally, past performance in the destination country is statisti-
cally significant for the equity and bond flow models (see specifi-
cation 4a). While no prudent investor assumes future returns will
mirror past returns, trend-chasing behaviors still characterize the
geography of international equity and bond flows in the long term.
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All in all, the proportion of the total variation explained by the
model is quite significant: 31.7 percent in equity flows and 23.5
percent in bond flows.

The results are barely affected when treating the zero report-
ing for some holding positions in the sample as actual portfolio
investment decisions (see specification 4b).

5. Portfolio Flows, Monetary Policy Frameworks,
and EMU

The second aim of the paper is to assess whether central banks’
monetary policy frameworks across countries influenced the geog-
raphy and size of international capital flows during the boom and
bust of asset prices at the turn of the century. In this context we
also investigate the role of EMU on global portfolio reallocation.

5.1  The Impact of Monetary Policy Frameworks

We use the IntCAPM as our benchmark and add explanatory vari-
ables describing key characteristics of monetary policy frameworks
across countries. Therefore, we estimate the following model:

B
tck,t = Qg + Oélwkff;c}l + CYQHBC’Q’? + OégAHBC’Ol + 044DW3;€797

C

+ asrp—1 + N Mony ;1 + ey,

where the vector Mony, ;1 includes variables measuring the follow-
ing characteristics of the monetary policy framework in country k:
(i) the central bank’s objectives, such as the focus on inflation, on
money, on the exchange rate, and on discretionary policy, (ii) the
central bank’s institutional factors, such as independence, account-
ability, and transparency, and (iii) the importance of financial stabil-
ity in the setting of monetary policy instruments. Results reported
in table 7 are based on the sample that excludes the zero entry
positions. The results are the same when zero holding positions are
included in the analysis (not reported; see also table 8).

Among the characteristics related to monetary policy, the focus
on money played a significant and positive role in influencing the
geography of the portfolio flows. Given the link between asset prices
and credit growth (Borio and Lowe 2004; Detken and Smets 2004),
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global portfolio investors might have purchased assets of countries
where monetary analysis played a more prominent role.

If the focus on monetary aggregates, credit growth, and financial
flows helps central banks identify inflated asset prices and financial
imbalances, then portfolio investors would indeed give importance to
this characteristic. The empirical results on both equity and bond

flows support this hypothesis. In particular, the EQ of the model
explaining the geography of bond flows increases from 23.5 percent
in the benchmark model (see specification 4a of table 6) to 28.6
percent when adding the focus on money by the recipient country’s
central bank (see specification 6 of table 7).

Among the characteristics related to the institutional factors,
independence (specifications 9 and 9a of table 7) is found to be sig-
nificant and with the expected sign only for bond flows, while being
accountable is a push factor of bond flows (specifications 10 and
10a). As already pointed out, independence and accountability are
negatively correlated, which implies that explaining and defending
monetary policies to government and parliament and the involve-
ment of parliament in monetary policy decisions might be seen by
international investors as an infringement on central banks’ inde-
pendence, putting at risk the price stability mandate, which is now
a typical mandate by monetary authorities across the globe.

Qualitatively similar results are obtained if we assume that the
characteristics of the monetary policy frameworks of the euro-area
member states converged with those of Germany with the estab-
lishment of EMU (see specifications 5a-12a of table 7). Under this
hypothesis, the focus on the exchange rate becomes strongly neg-
atively significant in both equity and bond flow specifications (see
specification 7a). This might imply that global asset allocators over
the period 1998-2001 reduced their investment vis-a-vis countries
whose monetary authorities gave relative importance to exchange
rate targets.

When pooling the indices, which are statistically significant in
the same model, independence is no longer significant in the bond
flow specification, while the focus on inflation has the positive
sign (see specification 13 of table 8). Given the establishment of
EMU in January 1999, we also control for the potential change in
the characteristics of the monetary policy frameworks of the euro-
area member states using the German monetary framework as the
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benchmark. Results, which are reported in specifications 14a and
14b of table 8, indicate that the focus on money and accountabil-
ity continue to be robust. These will be the only variables that are
consistently significant when we study and control for the effect of
EMU.!2

The fact that the focus on inflation or independence has not sys-
tematically influenced international capital flows may be simply due
to the fact that the core objective of most of the central banks of
the countries in the sample is to enforce price stability, with inde-
pendence being key to control inflationary expectations. Most likely,
foreign investors care about inflation only at relatively high levels.

5.2 The Impact of EMU

To control for the effect of EMU on global capital flows as well
as to measure its average impact, we include two sets of binary
variables. However, the binary variables per se are not sufficient
to study the catalyst effect of EMU, because portfolio capital could
have been reallocated globally to better exploit the expected diversi-
fication benefits and the elimination of the exchange rate risk among
euro-area member states.

In 1998, the Maastricht process was well under way and investors
were keenly aware of the high likelihood that the intra-EMU cur-
rency risk would disappear. Therefore, the expected volatility of the
exchange rate is assumed to be zero among euro-area countries and
equal to past volatility for the other cross-border transactions. More
specifically, the expected volatility of the exchange rate among euro-
area member states and other countries of the world is assumed to
equal the past volatility of the rest of the world’s currencies vis-a-vis
the deutsche mark.

As a measure of the expected diversification benefit, De San-
tis and Gérard (2009) suggest to employ the marginal impact on
portfolio risk of increasing or decreasing the investor’s position in a
particular asset. Recall that the foreign investment portfolio variance
can be computed as

2 _ .
Opt = W detWept

12We have also controlled for the average inflation rate over the ten-year period
1992-2001, and the results do not vary.
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w,. is the vector of weights for the N foreign assets and Y. the
covariance matrix of returns of the foreign assets, where the sub-
script ¢ indicates that the covariance and weight are computed from
the investing country c’s perspective. Then, the decrease in portfolio
variance for a marginal increase in the weight invested in asset k can
be interpreted as a measure of the diversification benefit, DB ;:

0 0
2 /
DBc,t = - Op.t = — [wc tzc,twc,t] = _QEc,twc,t.
8wcyt 8wc,t ’
That is,
K
9 /
DBck,t = _87 [wc,tzc,twc,t] =-2 g Wel, tO01k,t 5
Wek,t =1

where DB, + measures the diversification benefit of adding asset & to
investor ¢’s position. Therefore, we should expect it to be positively
related to portfolio asset flows.

For an international investor, however, the return on any foreign
asset varies not only because of asset-specific risk but also because
of unpredictable fluctuations in exchange rates. Since the currency-
risk exposure of asset portfolios can be hedged through derivatives
transactions, it may be of interest to distinguish between the pure
asset component and the currency-risk component of the diversifica-
tion benefit motive of portfolio reallocation. Therefore, we consider
three measures of diversification benefits: (i) an aggregate measure
of diversification benefits based on the investor’s foreign investments
returns denominated in his domestic currency, DBﬁf 9 = DB(r); (ii)
a measure of diversification benefits based on the investor’s foreign
investments fully hedged returns, DB5H = DB(rF); and (iii) a meas-
ure of diversification benefits based on the currency component of
the investor’s foreign investments, DBG*™ = DB(x%).

The first two measures of the diversification benefit are easy to
compute based on investor’s currency denominated asset returns and
local currency denominated returns, respectively. Since rj, = r,’j +xf,
where 7§ is the continuously compounded (or log) return on country
k’s portfolio denominated in currency ¢, and zj, is the change in the
exchange rate between currency k and currency c, the third measure,
the currency component of the investor’s diversification benefits, is
then computed by taking the difference between the first two:
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DBS*™ = DB%99 — DBEH.

In our context currency risk is important also because the intro-
duction of the euro eliminated a substantial component of currency
risk for many international investments in our sample. Therefore,
we would also like to disentangle the currency-risk effects of the
adoption of the euro from the aggregate currency-risk effects of a
change in portfolio allocation. We use the same methodology amply
explained in De Santis and Gérard (2009) to construct the measure
of diversification benefits based on currency components.

Since rebalancing a portfolio entails transaction costs, it is
unlikely to take place when estimated marginal diversification ben-
efits are of small magnitude. Therefore, to introduce some non-
linearities, we take the cube of the estimated values of the diver-
sification benefits.

The results point out that the coefficient on the expected volatil-
ity of the exchange rate is not statistically significant for equity flows
and is only significant at 10 percent for bond flows, with the cor-
rect sign in both cases (see specification 15 of tables 9 and 10). As
for the diversification benefit, the aggregate marginal diversification
benefit is not statistically significant (not reported), while the fully
hedged marginal diversification benefit is positive and statistically
significant, particularly for bond flows. The results contrast with
the findings of Portes and Rey (2005), who found weak support
for the diversification motive, possibly because they use bilateral
covariances of returns in a common currency as a measure of risk
diversification. The impact of the volatility of the exchange rate and
of the marginal diversification benefits arising from the currency
component are generally small. These findings imply that investors
might have preferred to hedge against exchange rate risks over the
period 1998-2001.

The econometric results summarized in tables 9 and 10 also sug-
gest that, on top of the mere elimination of the exchange rate risk,
EMU played a key role in the allocation of portfolio capital among
countries worldwide as well as among euro-area member states,
thereby enhancing regional financial integration and risk sharing.
The catalyst effect of EMU-—which is on top of the mere elimination
of the exchange rate risk and due to the reduction of legal barriers,
such as the removal of intra-area currency-matching rules, and the
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sharing of common platforms, such as Euronext—is the estimated
coefficient on Dy, pmy. It is positive and strongly statistically
significant for both equity and bond flows.

Unfortunately, the lack of back data on bilateral portfolio flows
does not allow us to verify whether the upward trend in intra-euro-
area portfolio flows from 1998 onward already started before the
establishment of EMU. Indeed, we could have captured the process
of financial integration in the EU, as a result of EU policies aiming
at liberalizing cross-border portfolio allocation among EU member
states in the 1990s. However, we can run a similar exercise includ-
ing binary variables aiming at controlling for the EU effect. Given
the strong correlation between the dummies capturing both the EU
and the EMU effects, we subtract the EMU dummies from the EU
dummies. The estimated coefficient on D gay, gy remains strongly
statistically significant in both equity and bond markets (see spec-
ification 16 of tables 9 and 10). Moreover, the results reported in
specifications 16 and 17a of tables 9 and 10 indicate that the Euro-
pean dummies are not statistically significant once we control for
London as a major intermediary of euro-area foreign investments
from and to the rest of the world.

Needless to say, the results remain invariant when we include
the zero holding positions in the sample and treat them as actual
portfolio investment decisions (see specification 17b of tables 9
and 10).

Therefore, there is evidence of a positive EMU effect on cross-
border portfolio flows. On a 95 percent confidence level, the catalyst
effect of the euro within the euro area over the cumulated period
1998-2001 amounted to USD 22-47 billion in equity securities and
USD 32-76 billion in bonds and notes. On average, the impact on
the fixed-income market is larger possibly because European insti-
tutional investors invested massively in domestic government debt.
The adoption of the euro currency-matching rule allowed them to
rebalance into euro-denominated bonds issued by other EMU mem-
ber states.

All in all, the link between international portfolio flows, the Int-
CAPM, characteristics of monetary policy frameworks, and EMU
is quite robust also in terms of adjusted R?, which is above 35
percent in both models. This result is very important given that
the analysis has been carried out in the middle of an equity bubble
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and burst, during therefore an extremely difficult period for global
asset management.

6. Adding Control Variables

The literature on portfolio flows has put forward a number of vari-
ables potentially affecting the cross-border investment allocation.
The aim of this section is to assess how robust the results are when
adding control variables to specification 15 of tables 9 and 10. The
results reported in table 11 are obtained using the sample, exclud-
ing the zero reporting for some holding positions. The results are
invariant when considering such zeros in the sample (not reported).

The “stages of development hypothesis” postulates an inverse
U-shaped relationship between capital inflows and relative per capita
income. Countries in the early stages of development tend to experi-
ence capital inflows, which arise from building the infrastructure and
expanding domestic markets. In a subsequent phase, as new ideas
are transformed into products and services and the country devel-
ops some comparative advantages in specific industries, its per capita
income rises and capital inflows decline. However, it is often argued
that portfolio flows are particularly sizable among developed coun-
tries, against the prediction of the “stages of development hypothe-
sis” (Lucas 1990). Indeed, country k’s GDP per capita polynomial is
not statistically significant for the equity market and is even positive
for the bond market (see specification 18 of table 11).

Investment in research and development (R&D) is generally con-
sidered a good policy to enhance the productivity of a country.
If capital has a higher return in countries investing in R&D, the
allocation of portfolios should also be partly affected. The imper-
fection in international credit markets can affect the amount and
the direction of portfolio flows (Portes and Rey 2005).!3 A struc-
tural determinant of national savings is the demographic profile of a
country. Relatively high youth and old-age dependency ratios would
bring about net capital inflows, as a relatively large population of
dependent young and old has a relatively lower savings rate (Ando

13R&D and bank credit to the private sectors are strongly correlated with
the GDP per capita (see table 3), because richer countries generally have more
resources to finance the private sector and the expenditure in R&D.
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and Modigliani 1963). All these variables are not statistically signif-
icant (see specifications 19-21 of table 11). Let us stress that these
results are based upon a cross-section analysis, where most of the
countries share similar characteristics.

Portes and Rey (1995) argue that the sophistication of finan-
cial markets is an important determinant of equity flows. However,
our results do not support this hypothesis. At the same time, the
sophistication of financial markets in the recipient country and its
development over time are statistically significant for bond flows (see
specification 22).

Several studies argue that institutions matter in shaping the
net flow of capital across countries (Alfaro, Kalemli-Ozcan, and
Volosovych 2007; Coeurdacier, De Santis, and Aviat 2009; De Santis
and Lithrmann 2009). International investment decisions are affected
by risks as well as by the countries’ institutional framework, as tur-
moil, violence, instability, rule of law, property rights, and freedom
influence economic market sentiment. We expect that countries with
better institutions should attract portfolio flows. To assess the role
of the quality of the institutions, we look at standard indices such
as the degree of civil liberties; the degree of political, financial, and
economic risks; the degree of perceived corruption; and the degree of
contract repudiation and expropriation risks.'* The results are gen-
erally weak (see specifications 23-26), possibly because most of the
bilateral transactions in this study occur across developed countries,
which generally have an adequate institutional setting.

To assess the role of distantness, we consider geographical dis-
tance, bilateral trade intensity, phone-traffic volume, and common
language. The phone-traffic volume can be interpreted as a proxy for
information flows (Portes and Rey 2005), while common language
can be interpreted as a proxy for cultural similarities.!® Trade in

1 All indices proxying for the quality of the institutions are strongly correlated
among them as well as vis-a-vis the GDP per capita, in that richer countries have
better institutions (see table 3).

15Common language is a dummy that takes the value of 1 if receiving and
investing countries share the same language. The language groupings are as fol-
lows: English (Australia, Bermuda, Canada, Ireland, New Zealand, Singapore, the
United Kingdom, and the United States); Spanish (Argentina, Chile, Spain, and
Venezuela); French (Belgium, Canada, and France); German (Austria and Ger-
many); Dutch (Belgium and Netherlands); and Scandinavian (Denmark, Norway,
and Sweden).
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goods and services could facilitate the information flow across trade
partners, increasing the willingness to conduct cross-border portfolio
transactions. However, trade costs can also explain the equity port-
folio home bias (Obstfeld and Rogoff 2001). In both interpretations,
the deeper the trade relationship between countries, the deeper their
asset trade flow. There is some mild evidence for the trade variable
affecting equity flows (see specification 28) and for common language
having an impact on bond flows (see specification 30).

Finally, we also control for economic growth in the destination
country. Negative economic growth performance in the destination
country over the previous four years affects positively the subse-
quent bond flows, possibly because a rebound in GDP growth might
be expected (see specification 31).

The analysis so far presented focused on changes in demand.
However, could important shifts occurring also on the supply side
affect the results? The Maastricht Accord imposed tight restrictions
on government debt. The effects of this were not symmetric across
countries and may have had a significant impact on the composition
of fixed-income securities available to investors. To assess whether
the results remain robust to changes on the supply side, we use
BIS data to compute the net new international equity and bond
issues (the difference between completed issues and redemptions in
a given period) over the period 1998-2001, which permit us to meas-
ure the amount of new funds raised on the international markets.
The net issuance of each individual country is then scaled by the
total country portfolio. The results indicate that portfolio flows were
also affected by the new funds raised on the international markets
by the destination country (see specification 32).

All the results on the other regressors presented in tables 9
and 10 remain unaltered when controlling for the effects of all these
variables, as implicitly suggested by reporting the adjusted R? in
table 11.

7. Conclusions

It is generally believed that the predictions of the International
Capital Asset Pricing Model (IntCAPM) do not hold because of
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home bias, transaction costs, asymmetric information, speculative
behaviors of investors, etc. We have presented a simple modeling
framework showing that the geography of international portfolio
flows is only partly influenced by the IntCAPM. Using bilateral data
on international equity and bond flows, we find clear evidence that
investors do not hold assets of each country in proportion to the
country’s share in the world market portfolio. However, the pre-
dictions of the IntCAPM are partially met because the estimated
coefficient, rather than being 1, is 0.4 for equity flows and 0.2 for
bond flows. A country that sees its market size increase by 1 percent-
age point relative to the world market capitalization would attract
international equity (bond) flows amounting to 0.4 percent (0.2 per-
cent) of the equity (bond) assets held abroad by foreigners. This
might also imply that global equity markets are more integrated
than global bond markets and that there is still room for further
integration in both markets. The results remain invariant when con-
trolling for home bias, the initial degree of misallocation, and past
returns.

Additional findings suggest that (i) a decline in home bias gener-
ates portfolio outflows vis-a-vis all countries; (ii) the higher the ini-
tial non-linear degree of misallocation, which might be due to higher
fixed transaction costs and information asymmetries, the greater the
incentive to reduce them and, consequently, the larger the subse-
quent bond flows; and (iii) asset allocators engage in trend-chasing
activities, particularly in bond markets.

We have also investigated whether characteristics of the mone-
tary policy frameworks and the establishment of EMU influenced
portfolio asset flows over the turbulent 1998-2001 period for the
asset markets. We find clear evidence that investors preferred port-
folio assets of countries where the central bank gave relative impor-
tance to money. With consumer price inflation well anchored, mon-
etary analysis might have provided a framework for monitoring
and assessing developments in asset prices and financial imbalances,
cardinal to international investors when forming expectations on
future risk-adjusted asset returns. As for EMU, once controlling for
diversification benefits and the elimination of the exchange rate risk,
we show that cross-border portfolio flows among euro-area countries
have increased due to the catalyst effect of EMU (i.e., reduction
of legal barriers, sharing of common platforms, and simplification
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of cross-border regulations). Therefore, we can safely say that EMU
has enhanced regional financial integration among euro-area member
states in both equity and bond markets.

All in all, countries’ shares in the world market portfolio, home
bias, initial degree of misallocation across countries, past returns,
diversification benefits, monetary policy frameworks, and EMU can
explain 35-40 percent of the total variation in equity and bond
portfolios over the turbulent 1998-2001 period, characterized by an
equity bubble and the subsequent burst.

Appendix 1. Definitions of Variables

Variables Definitions

tek,t International transactions invested in country
k divided by country c¢’s average international
holdings

w,? S?Ch Country’s share in the world market portfolio

HB, 97 Home bias of investing country ¢ in 1997

AHB. g7 HB. o1 — HB. 97

DW.y 97 Difference between optimal and actual weights in
1997

Rety s Total market return of receiving country k
end-1993 to end-1997

Inflationy, gg Inflation focus index in country k in 1998: 0
(lowest importance) and 1 (highest importance)

Moneyy o8 Money focus index in country k in 1998: 0

(lowest importance) and 1 (highest importance)
FEzxchange ratey; 98 Exchange rate focus index in country k in

1998: 0 (lowest importance) and 1 (highest
importance)

Discretiony, og Discretion focus index in country k in 1998: 0
(lowest importance) and 1 (highest importance)
Independencey, o3 Independence index in country k in 1998: 0

(lowest importance) and 1 (highest importance)

(continued)
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Variables

Definitions

Accountabilityy, g

Transparencyy, o8

Financial

Stabilityk’gg

FXvolgy , 4

D. gmu
Deyu,Emu
D. vk
Deyvu,uk
D. ru
Dru. v
DBLY
DBEMY,
DB Y

pCGDPk797

pcGDP%97

Accountability index in country & in 1998: 0
(lowest importance) and 1 (highest importance)
Transparency index in country k in 1998: 0
(lowest importance) and 1 (highest importance)
Financial stability role index in country £ in
1998: 0 (lowest importance) and 1 (highest
importance)

Standard deviation of the bilateral exchange rate
change from 1993 to 1997 with deutsche mark
being the EMU currency

Dummy is 1 if receiving country belongs to the
euro area

Dummy is 1 if receiving and investing countries
belong to the euro area

Dummy is 1 if receiving country belongs to the
United Kingdom

Dummy is 1 if investing country belongs to EMU
and receiving country to the United Kingdom
Dummy is 1 if receiving country belongs to the
EU

Dummy is 1 if receiving and investing countries
belong to the EU

Expected diversification benefits—fully hedged
returns

Expected diversification benefits—internal EMU
currency exposure

Expected diversification benefits—external EMU
currency exposure

Country k GDP per capita minus the GDP per
capita of Norway in 1997 (2000 international
PPP—$1,000)

The square of country k¥ GDP per capita minus
the GDP per capita of Norway in 1997 divided
by 1,000

(continued)
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Variables

Definitions

Bank credity o7
R& Dy, 97
Youngy, o7

Oldy, 97
soph. g8
sophy o8
dsophy ¢

Libertiesy, o7

La Portay,g7
ICRG}, 97
Corruptiony, g7

Distancec,97
deeck,w

Telck 97
Language i o7
AGDPy 1

Issuesy, ¢

Bank credit to the private sector as a ratio to GDP
of country k in 1997 minus the world average

R&D expenditure as a ratio to GDP of country k in
1997 minus the world average

Young dependents to working-age population in
country k relative to the world average in 1997

Old dependents to working-age population in
country k relative to the world average in 1997
Sophistication of financial markets in country c in
1998

Sophistication of financial markets in country & in
1998

Change in the sophistication of financial markets in
country k, 1998 to 2001

Civil liberties index in country k in 1997:

0 (highest degree of freedom) and 1 (lowest degree of
freedom)

La Porta et al. (1998) index in country k in 1997: 0
(highest risk) and 1 (lowest risk)

International Country Risk Guide rating in country
K in 1997: 0 (highest risk) and 1 (lowest risk)
Perceived corruption index in country k& in 1997: 0
(highest risk) and 1 (lowest risk)

Logarithm of physical distance between capital cities
Country k’s export share in country ¢ plus country
c’s export share in country k in 1997

Phone traffic (minutes per 1,000 subscribers)
between investing and receiving markets in 1997
Dummy is 1 if receiving and investing countries
share the same language

Log-difference of the receiving country’s GDP in
USD at constant prices from 1993 to 1997

Net new issuance (completed issues minus redemp-
tions) from 1998 to 2001 divided by total country k
portfolio in 1997
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Fixed- and Variable-Rate Tenders in the
Management of Liquidity by the Eurosystem:
Implications of the Recent Credit Crisis*

Margarida Catalao-Lopes
CEG-IST, Instituto Superior Técnico, Technical University of Lisbon

Most liquidity-providing operations of the European Cen-
tral Bank (ECB) have been conducted through variable-rate
tenders. However, fixed rates were first employed in the main
refinancing operations (MROs) and are still used in other li-
quidity management operations. In October 2008, the ECB
decided to carry MROs again at a fixed rate. In a simple three-
stage game in which banks can obtain liquidity through the
open-market operations of the ECB, through interbank trans-
actions, or through “standing facilities,” this paper revisits the
dilemma between fixed- and variable-rate procedures, with an
emphasis on the scenarios that are particularly relevant under
the recent credit crisis, namely collateral shortage, rationing in
the interbank market, and non-acute estimation by the ECB
of the system’s liquidity needs.

JEL Codes: D44, E52, G21.

1. Introduction

The primary objective of the monetary policy of the Eurosystem is
to maintain price stability. The Governing Council’s decisions on
the level of the reference interest rates serve this objective, and
so do the various instruments and procedures at disposal used to
keep money market interest rates in line with the key policy rates.
Open-market operations are a crucial instrument of the monetary
policy of the European Central Bank (ECB). Among them, main

*Author contact: Instituto Superior Técnico-DEG, Universidade Técnica de
Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal. Tel: +351 218418177; Fax:
+351 218417979; E-mail: mcatalao@ist.utl.pt.
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refinancing operations (MROs) are the most important in terms of
liquidity provision to banks but, during the financial market turmoil
that began in the summer of 2007 and intensified in 2008, longer-
term refinancing operations (LTROs) have also played an important
role to improve the liquidity position of banks and provide broad
access to funding. Indeed, supplementary LTROs were carried out
with a high frequency, in addition to the Eurosystem’s regular ten-
der operations. Also, to alleviate pressures on the market for U.S.
dollars (USD), several liquidity-providing operations in USD have
been launched, at a fixed rate (equal to the marginal rate of the
simultaneous Federal Reserve System tender). In October 13, 2008,
the ECB announced that tenders of USD funding would be con-
ducted regularly at least until January 2009, every Wednesday, at a
fixed rate with full allotment. The use of fine-tuning operations also
intensified during the credit crisis, with an enlargement in the range
of institutions that are eligible to participate (October 3, 2008). Most
of these fine-tuning operations took place to absorb excess liquidity,
at a fixed rate (equal to the minimum bid rate of MROs).

Since the beginning of Stage Three of the Economic and Mon-
etary Union (EMU) in January 1999, and until June 2000, the
Eurosystem conducted its MROs through fixed-rate tenders (with-
out full allotment). This procedure, aimed at clearly signaling the
stance of monetary policy, involved some distortions in the bidding
behavior of banks (overbidding) and led to very small allotment
ratios. The change to a variable-rate procedure was introduced in
the MRO of June 28, 2000, and was in practice until the opera-
tion settled on October 8, 2008. According to the European Cen-
tral Bank, “The switch to variable rate tenders was a response to
the severe overbidding which had developed in the context of the
fixed rate tender procedure. . . . In the last two main refinancing
operations executed prior to the switch to the variable rate tender,
the allotment ratio was below 1%” (European Central Bank 2000,
p. 37). The return to the fixed-rate format, however, had never been
excluded by the ECB, which retained the option of reverting to it, if
and when this is deemed appropriate. The two changes introduced
in March 2004 in the operational framework of the Eurosystem—
namely, the reduction in the maturity of the MROs and the com-
mitment that rate changes would not occur during the maintenance
period—were recognized by the ECB as improving the efficiency of
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the fixed-rate procedure, because they would prevent the occurrence
of excessive overbidding associated with expectations of rising inter-
est rates (European Central Bank 2003). On October 8, 2008, the
Governing Council decided to perform the next MROs at a fixed
rate, starting with the one settled on October 15 and at least until
the end of the first maintenance period of 2009. These operations
would take place with full allotment at the interest rate that resulted
from the simultaneous ease in monetary conditions (3.75 percent).

LTROs, in turn, have usually been executed in the form of
variable-rate tenders, but the possibility of using fixed-rate proce-
dures, “under exceptional circumstances,” is not excluded (Euro-
pean Central Bank 2008a, p. 15).

Bearing in mind all these aspects, the present paper revisits the
debate between fixed- and variable-rate procedures, with a special
focus on the scenarios most relevant under the recent credit crisis,
namely (i) rationing in the interbank market—due to high uncer-
tainty as to the solvency of borrowers and as to the evolution of
own liquidity requirements; (ii) binding collateral (to address this
problem, the ECB expanded the collateral acceptable in lending
operations, in its biennial review of September 4, 2008); and (iii)
non-acute estimation by the ECB of the true liquidity needs of the
system, which are difficult to predict under the prevailing tensions.

Banks can obtain/place liquidity in three markets: (i) the pri-
mary market, through the open-market operations of the ECB;!
(ii) the secondary market or interbank market, where liquidity is
traded among banks; and (iii) the “standing facilities”—lending or
deposit—of the ECB, at penalty rates. All operations with the ECB
must be collateralized, either in the primary or in the tertiary mar-
ket. In contrast, the exchange of liquidity in the secondary market
is assumed to be uncollateralized, which reinforces the risk involved.

During the periods of fixed-rate MROs, the ECB sets the inter-
est rate at which the operations are conducted (the main refinanc-
ing rate) and also the marginal lending and deposit interest rates.
Only the interbank market rate (a short-term rate) is determined
by demand and supply forces. In a variable-rate tender procedure,
the prevailing primary market rate fluctuates according to market

'For a detailed description of the auction environment, see, for instance, Scalia,
Ordine, and Bruno (2005).
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conditions in a given interval (the minimum bid rate is established
by the Governing Council in its monetary policy meetings), and the
ECB uses the amount of liquidity allotted to steer its behavior.? The
marginal lending and deposit rates are used as policy instruments
too, delimiting the “corridor” for interbank rates. In the manage-
ment of the recent crisis, this “corridor” was shortened from 200 to
100 basis points.

Taking into account the variety of instruments currently in use,
this paper compares, in a simple three-stage game, the two tender
formats with respect to induced bidding behavior and allocation
of liquidity in the primary market, functioning of the secondary
market, and resorting to “standing facilities” (tertiary market). The
conclusions as to these aspects reinforce previous results in the liter-
ature. Specifically, the overbidding phenomenon is indeed shown to
be an equilibrium outcome of fixed-rate tenders (without full allot-
ment), a problem which may be avoided by variable-rate tenders.
Furthermore, variable-rate tenders allow keeping some informational
content of quantity bids, as opposed to fixed-rate tenders. Announc-
ing that there will be full allotment in fixed-rate tenders (October
8, 2008) helps prevent these problems, but in reality there is no
auctioning taking place, because the Central Bank has a perfectly
elastic supply and fully satisfies the liquidity needs at the prevail-
ing rate.®> Although simple, the present model further allows us to
address the possible implications of some facts deriving from the
recent credit crisis, such as collateral shortage, credit rationing in
the interbank market, and wrong estimation by the ECB of the
true system’s liquidity needs. In the 2008 ECB annual report on
EU banking structures, and reflecting the prevalent high degree of
uncertainty, banks in the European Union have, for the first time,
identified financial markets as the major source of risk for the coming
year (see European Central Bank 2008b).

2For example, to contain pressures on euro overnight rates, the ECB has
accommodated counterparties’ wishes to fulfill reserve requirements early in the
maintenance period, therefore alloting excess liquidity in the MROs, which is
later absorbed at the end of the period.

3Prior to this announcement, some MROs of the Eurosystem had already been
conducted with full allotment, allocating liquidity in excess of the benchmark
amount.
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To my knowledge, among other studies addressing the open-
market operations of the ECB, the closest to this are Ayuso and
Repullo (2003), Bindseil (2002), and Nautz and Oechssler (2003), in
the sense that they also compare fixed- and variable-rate procedures.
However, apart from Bindseil (2002), who takes care of situations
in which the central bank tends to provide surplus liquidity or is
systematically tight, none of them addresses the other relevant sce-
narios for the recent credit crisis: binding collateral and interbank
rationing. Ayuso and Repullo (2003) assume that the ECB wants
to minimize deviations of the interbank rate from the target rate
that signals the stance of monetary policy. They show that when
the penalty is higher for rates below the target, pre-announcing
the amount of the liquidity injection eliminates overbidding in a
variable-rate tender, but the equilibrium in a fixed-rate tender is still
characterized by extreme overbidding. Bindseil (2002) compares the
two types of tenders, alternatively in the absence and in the presence
of interest rate change expectations. He concludes that the fixed-rate
tender works well when interest rates are stable (a result that would
support the change in the operational framework of the ECB; see
European Central Bank 2003), but that the variable-rate tender is
better suited in an environment of strong interest rate change expec-
tations. Nautz and Oechssler (2003) conclude for bidding behavior
indeterminacy in fixed-rate tenders, and, using a dynamic version of
their model, they also conclude that overbidding is an increasing phe-
nomenon in these auctions. The authors also develop an empirical
analysis, confirming the weakness of fixed-rate tenders and show-
ing that the move to variable-rate tenders significantly improved
liquidity management by the ECB.

There have actually been many empirical studies on the perfor-
mance of the monetary policy of the ECB. Among them, Ayuso
and Repullo (2001) test whether the overbidding problem during
the fixed-rate tenders period was due to expectations of a future
tightening of monetary policy or to the liquidity allotment decisions
of the ECB that resulted in a positive spread between the inter-
bank rate and the interest rate of the MROs. The authors conclude
in favor of the latter hypothesis. Scalia, Ordine, and Bruno (2005)
address the degree of integration and the bidding efficiency in the
primary market during a sample period for variable-rate tenders,
using panel information with country effects, bank size effects, and
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bank group effects. They conclude that bidders in the Eurosystem
auctions behave efficiently and that, although the effects mentioned
may be significant to some extent, market integration is promoted
by liquidity supply through MROs and by the bidding behavior of
banks. Nautz and Oechssler (2006) investigate the subsistence of
overbidding in fixed-rate tenders if one controls for interest rate
expectations (which the ECB proposes in its recent modifications to
the operational framework), for the magnitude of the spread between
the main refinancing rate and the interbank rate, and for the pos-
sibility of banks being squeezed. Their results suggest that none
of these three hypotheses is sufficient to eliminate the overbidding
problem.

The remainder of the paper is organized as follows. Section 2
presents the notation common to both models (fixed and variable
rate). In section 3 the equilibrium bidding behaviors in the fixed-rate
auction are derived under several scenarios, namely lack of collateral,
credit rationing in the secondary market, and wrong estimation by
the ECB of banks’ liquidity needs. The corresponding analysis for
the variable-rate auction is performed in section 4.4 Section 5 com-
pares and summarizes results for both types of tender and section 6
concludes.

2. Notation

Consider two representative banks, one which expects not to be a
liquidity supplier in the secondary market (i), and one which has
the opposite expectation (j). In equilibrium these expectations are
confirmed. The equilibrium behaviors of banks i and j replicate the
bids of banks that expect to have these positions in the interbank
market.

Non-zero banks’ liquidity needs are denoted by I; and l_j. Liquid-
ity obtained in the primary market is [; and [, so bank ¢ still needs
L —1; > 0, while bank j has [; — l_j > 0 in excess.

The interest paid by the central bank’s deposit facility is d, and
the interest charged on the marginal lending facility is denoted by
m. In a fixed-rate tender there is another administered interest rate,

“Full details are available in Cataldo-Lopes (2001).
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denoted by 7, with r €]d,m[, and which is the rate paid for the
liquidity obtained in the MRO. In a variable-rate tender there may
exist a minimum interest rate for bids, also chosen by the ECB. The
amount of liquidity that bank i (j) proposes to buy in the MRO
is b; (bj). In a variable-rate procedure the bank also makes a bid,
denoted by r; (r;), for the price to pay for this liquidity.

The unsecured interbank rate is denoted by o (overnight rate).
Bank j is not willing to sell liquidity at a price below d, so o is
bounded from below by d; however, bank ¢ may be willing to buy
at an interest rate higher than m, in case collateral is insufficient
to satisfy the remaining liquidity needs through the lending facility
(remember that, contrary to operations with the ECB, transactions
in the interbank market are uncollateralized).

Banks wish to minimize the expenditure they must incur in
order to comply with reserve requirements. Both games—fixed- and
variable-rate auctions—have three stages: MRO, interbank market,
and “standing facilities.”® The problems are solved backwards.

The optimum bidding behavior in the first market arises from
the first-order conditions of the expenditure minimization problem
(assuring second-order conditions for a minimum are verified). In
a fixed-rate tender there is only one decision variable, the quantity
bid, whereas in a variable-rate tender there is an additional one, the
interest rate that the bank proposes to pay for the quantity bid it
makes. Banks and the monetary authority are assumed to be risk
neutral.

3. Fixed-Rate Tenders

In a fixed-rate tender without full allotment, each bank is allocated
an amount proportional to its bid (under the implicit assumption
that total bids exceed the allotted amount). The allotment ratio is

defined as ll;: zj;; Y where [; + l_J + v is the total amount of liquidity
that the ECB decides to allocate. A parameter v > 0 (v < 0) means
an overestimation (underestimation) by the ECB of the system’s

liquidity needs (see subsection 3.4).

SInstead of MROs, one could also consider, for instance, LTROs.



206 International Journal of Central Banking June 2010

Denote by «; the proportion of bank i’s bid in terms of total

bids: «; = b,-{tbj’ In the primary market bank 7 is allocated with
Li+ 1 +v =
l; = 1 b; = a;(l; + 15
b; + bj @ ( Tt U)

If this is insufficient to cover the liquidity needs, it still has to acquire

li — ll = Oljli — an — ;.

Bank 7, in turn, buys

Li+1i+v - =
lj = WZ)J :aj(li+lj+v)

in the primary market, and, if this amount exceeds its liquidity
needs, it has an excess equal to

lj — l_J = Otjl_i — Oéil_j + o v.

If collateral is not restrictive, bank 7 is not willing to buy
liquidity in the secondary market at a price above m, the marginal
lending rate. For prices below m it wants to fulfill all its needs, so
the demand curve is given by

QDZ {ajli—ailj—aiv<:0§m
0<=o0>m.
In turn, banks of the j-type are not willing to sell their excess
liquidity at a price below the deposit rate with the ECB. Their
supply curve is assumed to be linear. I consider that, for precaution-
ary motives related to uncertainty concerning the future evolution
of primary rates, these banks may choose to retain some liquidity.
This is modeled by an exogenous parameter 7 > 0. In other words,
~ stands for the “willingness” to lend. The inclusion of this parame-
ter allows us to capture the possibility that i-banks are not able to
acquire all the liquidity needed in the secondary market and have
to make use of the lending facility. As figure 1 shows, this happens
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Figure 1. Demand and Supply in the Interbank Market

A
o

0% %

Yi> 72> 73

for low-enough 7.5 It should be stressed, however, that the main
conclusions of the model as to the relative performance of fixed- and
variable-rate tenders do not depend on the value of «. The supply
curve can be written as

0<o<d

O_Cil <0 >d.
pro

Yol — il + ojv)

Equating demand and supply, the equilibrium overnight rate
arises:

m—d li—l; Li=l;
* d+ 7ol == li—1;

Zi_li
LR

J

5This happens, for example, in periods of high financial markets turbu-
lence. In the limit, when v tends to zero, the money market disappears and all
liquidity must be obtained from the Central Bank. To set money markets to work
again during the recent credit crisis, authorities announced that all interbank
operations would be guaranteed by each State, up to a certain amount.
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The quantity traded in the secondary market is

7 7 Zz—ll
Oéjli — Oéilj — QU <=y > ﬁ

Yagli = aily + ajv) <= 7 < {57
In the tertiary market there is no interaction between banks.
Liquidity in short is obtained at m, and liquidity in excess gives rise
to a deposit remunerated at d. Liquidity in short (for bank ) is

o [
-, -Q" =

(1 = y)(ajli — aily) — (i +yay)v <=y < ﬁ

and liquidity in excess (for bank j) is

LT —Q = (ai+aj)v<:’y>%
T (1 =)yl — aily + ajv) < v < P=i

Recall that «; = bibTibj‘ Then the problem of bank i in the

primary market can be stated as

- - —do:l — ol —
ming, ro;(li+1; +v)+ (d 0 e am)
Y Oéjlz' — ailj + ijU

7 7 li =l

X (Oéjli — Oéilj — OAZ”U) =7 > =

Ly —1;
; 7 7 7 ZZ - Z’L
miny, ro;(li +1; +v) +my(ajl; — al; + aju) =5 < 7
J Y

The problem of bank j is

- —dagl —ad; — o
minb. rozj(li—l—lj—i-v)—(d-i-m 9 a—j OZU)
J Y Otjli — Oéilj + (6 72%

lLi —1;

x (ajli — a;l; — av) — d(a; + aj)v <= v >
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miny; ol + 1 +v)=(ym + (1 —)d)

X (ajl; — ailj + ajv) <= v < T
i

To begin with, let us consider the simple case with v = 0 (the
estimation of liquidity needs by the ECB is acute). This scenario is
further elaborated by considering the possibilities of collateral short-
age and credit rationing. I then present the changes in results when
the ECB fails to correctly estimate the system’s needs (v # 0).7

3.1 Absence of Estimation Errors

When the ECB correctly estimates the system’s liquidity needs
(v = 0), liquidity in excess matches liquidity in short for the inter-
bank market. The equilibrium overnight rate is then

. d+m4 =~ >1
o = v
m& vy <1

If v > 1 (supply is sufficiently elastic so that all remaining
liquidity needs of bank i may be satisfied in the secondary market),
the problem of bank i resumes to

L _d _
ming, ro;(l; +1;) + (d +2-° ) (ol — aly)
Y
and the problem of bank j to
. - m—d - -
miny, roj(l; +1;) — (d + 7) (oli — aly).

To be consistent with the assumption that ¢ will not be a
liquidity supplier and that j will not be a liquidity demander in the
interbank market, their bids have to satisfy the following condition
(arising from QP > 0 and Q° > 0, with v = 0): b;l; — b;l; > 0 &

"Note that bidders have rational expectations, in the sense that they fully
anticipate the Central Bank’s allotment strategy.
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I;
b; < fbj
J
b > Ui,
l;
So, b; € (0, fi—?bj], and b; € [ll:—?'bi,—i-oo). From this, the following is
clear:

LEMMA 1. In a fized-rate tender without full allotment, bids can grow
infinitely high, no matter what the expected position of the bank in the
secondary market, which is at the origin of potentially low allotment
ratios.

This result confirms previous findings in the literature and is
consistent with evidence from the first months of Stage Three of
the EMU. It is not specific to the scenario under analysis (v = 0)
and is a direct consequence of the fact that bids are not limited by
available collateral—only the liquidity received is. As noted in the
Introduction, a fixed-rate procedure with announced full allotment
avoids this problem as well as the non-informativeness of bids as
regards true funding requirements: banks just have to bid equal to
their needs and the allotment ratio is simply equal to one.®

Optimizing the objective functions of ¢ and j yields

(1= aq)(li +1;)(r — o)

(1 —a;)(l; +1;)(r — o).

If o > r (which corresponds to 1 < v < T:j), the higher b;, the
better for bank 7, and the higher b;, the better for bank j, so bids
will tend to reach very high levels. However, if - is sufficiently high
so that the equilibrium overnight rate falls below the MRO interest
rate, both banks have an incentive to bid very low quantities in the
MRO.

80f course, in periods of high financial markets uncertainty, banks may be
uncertain about their true liquidity needs and bid higher for precautionary
motives.
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The equilibrium locus is

The two reaction curves are upward sloping and fully coincide.
There are multiple equilibria. The allotment ratio can thus turn out
to be very low, if the equilibrium bids locate at high levels, which
corresponds to the outcome of most MROs conducted through fixed-
rate auctions at the beginning of Stage Three. This multiplicity of
equilibria reduces (or even extinguishes) the informational content
of bids as regards liquidity needs.

Bids of banks 7 and j are strategic complements: the higher the
expectation of the bid of the rival, the higher the optimal bid of each
bank. As expected, given the bid of the opponent, a bank’s optimal
bid is increasing in its own liquidity needs.

If v < 1 (I; — I; is not entirely solved in the secondary market)
or v = 1, the problem of bank ¢ can be written as

ming, roi(li + 1) +m(ojl; — alj)

and the problem of bank j as

ming,  ra;(l +1;) — (ym + (1 = 3)d)(oyl; — aily).

Differentiating with respect to own bid,
(1 - )l +[)(r —m) <0
(1= a)) (@ + ) (r — d = y(m - d)).

For bank ¢, the higher b;, the better, which is quite intuitive from
the fact that the overnight rate will reach m. If T’;l;_cfi <7y <1, bank
j also wants to bid high in the first market, but for low-enough ~
this result may be reversed, as j will be left with much liquidity
to deposit with the ECB. The equilibrium locus is again given by
b; = f——;‘_bj, and the allotment ratio may reach very low levels.

Note that in periods of high turbulence v will tend to zero, corre-
sponding to the vanishing of liquidity supply in the money market.
In these circumstances ¢-banks will bid very high in the primary
market, but not j-banks.
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3.2 Collateral Shortage

Suppose now that bank ¢ is limited by its amount ¢; of collateral,
such that ¢; < [;. Bank i will try to acquire an amount equal to ¢;
(the maximum allowed) in the primary market.” In the secondary
market the supply curve does not change and the demand curve is
perfectly inelastic, with

QD:l_i_Ci-

Because of collateral shortage, bank i has to fully satisfy Q. The
equilibrium overnight rate may thus be higher than m and will be
given by

0*:d+(m_d) l_i_ci_‘
Y Oéjli—ailj

A lower ¢; increases the likelihood of o* rising above m.
In the tertiary market, bank j deposits

ajli +1j) =1 = Q% = ¢i — ai(ly + 1),

which varies positively with ¢;: shortage of collateral (lower ¢;) inten-
sifies trading in the interbank market, and so less liquidity remains
to be placed at d.

In order for ¢ to guarantee itself an amount of liquidity equal
to ¢; in the primary market, its minimum bid is 67" = Eﬁﬁbﬂ"
arising from the condition «;(I; + l_]) > ¢;. This is actually the opti-
mal bid, since the objective function appears to be increasing in b;.
It does not benefit bank ¢ to make a bid above this one, since that
would not assure any additional liquidity in the primary market and
would increase the prevailing interest rate in the secondary market
(because bank j would be allocated with less liquidity in the MRO).

So, bidding equilibria are now given by the relationship b; =
Bﬁﬁbj. In equilibrium the shortage of funds for 4, equal to l; —¢;, is
solved in the secondary market, at an interest rate equal to d+ mde.

9There is no point in saving collateral for the third market, because the price
of liquidity is higher than in the MRO.
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LEMMA 2. Lack of enough collateral to cover the allotted amount in
the primary market raises price and quantity traded in the interbank
market, whereas the use of the deposit facility decreases.

To fulfill its liquidity needs, bank i spends r¢; 4 (d+ mT_d)(l_i —¢),
higher than in the case in which collateral is not restrictive if 7 is low
enough (v < %‘j), the most likely scenario under a credit crisis. For
this range of values of 7, bank j is able to take advantage of ¢’s short-
age of collateral, and its expenses decline. The ECB’s revenues, in
turn, remain unchanged as compared with the case of unbinding col-
lateral.!® The total amount spent by 7 and j together is not altered
(so there is no loss of efficiency), but the distribution may change in

favor of the banks that are not restricted by collateral.

3.3  Credit Rationing in the Interbank Market

Let us admit that, because of information problems related with the
repayment capacity of the borrower, banks of type j are not willing
to lend at an overnight rate higher than ¢, with d < ¢t < m (recall that
transactions in the interbank market are uncollateralized). Banks of
type ¢ are thus subject to credit rationing in the secondary market.
Rationing may also occur because of bank j’s uncertainty about
future own liquidity needs. I elaborate on the case with collateral
restrictions, so in the equilibrium ¢-banks will use all the collateral
in the primary market. This is the most relevant scenario under
financial market turmoil.

In this case equilibrium bids are again given by b; = I H?]LCi bj.
Quantity traded in the interbank market, at the interest rate ¢, is
equal to %. As expected, it varies positively with #: the
more rationing there is (the lower ¢), the lower Q. Credit rationing
is active if and only if t < d + mT_d, the equilibrium overnight rate
obtained before.

Bank 4 is unable to satisfy reserve requirements by an amount
equal to what bank j deposits with the ECB. This amount varies pos-
itively with the level of rationing and negatively with ~y, as expected.

10The reference to the ECB’s revenues is just a remark. The Central Bank has
mainly policy concerns.
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LEMMA 3. Due to the existence of rationing in the interbank market,
banks that are restricted by collateral may be unable to satisfy their
liquidity needs. In turn, the other banks have excess liquidity.

This excess liquidity may be applied through the deposit facility
or it may also be absorbed through the ECB’s fine-tuning opera-
tions, which occurred frequently since the beginning of the recent
financial market turmoil.

The credit-rationing situation could also be addressed, with iden-
tical conclusions, by looking at the parameter . In case credit insti-
tutions effectively suspend interbank transactions (v tends to zero),
an extreme rationing situation that characterizes markets during
periods of high turbulence, an expansion in the set of eligible assets
for collateral purposes may be necessary for banks of type i to be able
to meet their liquidity needs, through the Central Bank’s providing
operations (recall the biennial review of September 4, 2008). Notice
that as ~ approaches zero, the expenses of a bank with binding
collateral grow significantly (see last subsection).

3.4 Estimation Errors

In this subsection the hypothesis that v = 0 is abandoned. The
ECB may underestimate (v < 0) or overestimate (v > 0) the
system’s liquidity needs, which is quite plausible in a period of
financial turmoil and sharp liquidity tensions. This case (with no
collateral restrictions) corresponds to the general problem formu-
lated in the beginning of the section. The wrong estimation derives
from an incorrect forecast of the “autonomous factors” of liquidity
injection /absorption and affects banks of both types (i and j).!!
Suppose that v < 0. Then it can be seen that bank 7 is allocated
a quantity equal to [; +v (below its needs), while bank j receives ;.
So, i is the one that bears all the burden of the ECB’s estimation

M The autonomous liquidity factors of the euro area are the Eurosystem’s
balance-sheet items whose amount is independent of the monetary policy oper-
ations of the Central Bank and comprise, namely, banknotes in circulation, gov-
ernment deposits, and net foreign assets. Note that under a fixed-rate tender with
full allotment format, there is no need to estimate the system’s needs, because
the banks’ bids truly reveal them, so v = 0.
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error. As a consequence, it will have to acquire |v| through the lend-
ing facility; total expenses are higher than without estimation errors
(if 7 is restricted by collateral, it may be unable to comply with
reserve requirements). Bank j’s expenses, in turn, are unaffected.
The ECB benefits from the underestimation of liquidity needs, since
its revenue rises by (m — r)|v|.

These results are reverted when liquidity needs are overestimated
(v > 0). Then equilibrium bids satisfy b; = l’jlﬁbﬂ" bank i is allo-
cated with its full needs, and bank j receives v in excess, which it
will deposit with the ECB. Expenses of bank ¢ are left unchanged
as compared with the case with v = 0, but bank j’s expenses rise.
ECB’s revenues are again larger than without estimation errors. The
ECB always benefits from v # 0, because the estimation error will
have to be corrected through the “standing facilities.”

LEMMA 4. When the ECB underestimates (overestimates) the sys-
tem’s liquidity needs, net demanders (suppliers) in the interbank
market bear the burden of this estimation error.

4. Variable-Rate Tenders

In variable-rate tenders, banks have two decision variables: the
amount they propose to buy (as in a fixed-rate auction) and the
interest rate they propose to pay.

The bank offering the highest interest rate wins the auction
and receives a liquidity amount equal to its bid. The loser is left
with the remaining liquidity (or, more precisely, with the minimum
between the remaining liquidity and available collateral). I assume
that each bank pays its own interest rate bid—multiple-rate auction,
the procedure adopted by the Eurosystem.

Consider that the ECB wishes to allocate ; + l_J + v, as before,
with v < 0 corresponding to an underestimation of the system’s
needs. Denote by r; (r;) the interest rate bid of bank ¢ (j). Then,
liquidity allocated to each counterpart is the following:'?

12%When r; = r; (both banks bid the same price), each one receives a propor-
tion of the liquidity injection corresponding to the quantity bid made, as in a
fixed-rate tender without full allotment.
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o bi<:7“i>’l”j
L l_i+l_j+U—bj<:Ti<’r’j

l':{l_i+l_j+v—bi<:7“i>’l”j

bj<:Ti<Tj«

Liquidity in short for bank ¢ is

li—1; =

l_i—bi<:7“i>7"j
bj—l_j—’()<:7“i<?”j

and in excess for bank j is

L] — Zi+U_bi<:Ti>Tj
J I bj—Zj<:Ti<7’j.

When bank ¢ wins the auction (r; > r;), demand and supply in the
interbank market (with no collateral restrictions for i) are

QD:{l_i—bi<:0§m

0O<=o>m

Q5 — 0<=o<d
Yl — b +v)2=% =0 > d,

so the equilibrium overnight rate is

m—d l_i—bi b
o — d+ =7 z‘—b+u<:7>l—b+v
—b;
m<=y s l; 7b +v
and quantity traded is
. l1 b’L
0" — lz—bl<:'y> s
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When the winner is bank j (r; < r;), the following changes occur:

QP — bj—lj—v<Eo<m
|0<=o>m

05 = 0<=o<d
D L) =024,

so the equilibrium overnight rate is

bi—1; b;—1;—
d+m d iV ey > A i—v

m<:’y§ bJ—ljjU

5L

and quantity traded is

o bj—zj—v<:7>bjzl_jiv
’Y(bj l)<:7< b:lv

Therefore bank ¢ has to resort to the lending facility for

_ 0<:7>7b
li—bi—Q" = b 5
(1 =)l —bi) - 7U<:7<m
when r; > r;, and for
_ 0m>b;il
li—b;—Q" = T bi—L
- -
(1—7)(bj_lj)_v<:’7§ﬁ

when r; < r;. Bank j, in turn, deposits

b;
—1—Q = Ve
J J -

(L=l = by +v) = v < 52
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when r; > r;, and

bj—[jjv
vy > S )
- b 7l .
(L= =) &= v < 22—
when r; < ;.

Consider the case of a pure variable-rate tender, in which bids
are distributed in the interval [d, m].!® In a subsection below, these
results will be particularized to variable-rate tenders with a mini-
mum bid higher than d, the scenario adopted by the ECB. As we
will see, qualitative findings do not change.

If one assumes a uniform distribution for interest rate bids, the

probability for bank ¢ of winning the auction is given by Pr(r; <
I

r;) = ;;'—:2. For bank j, in turn, the probability of winning is %'
FEach bank minimizes in its own price and quantity bids a weighted
average of the expenses in the winning and in the losing cases. The
weights are the probabilities above.

The solution of each bank’s optimization problem gives rise to
the optimal b;, b;, r;, and r;, which, once replaced in the equilibrium
expressions above for the interbank market and for the standing
facilities, allow us to obtain the complete solution of the reserve-
keeping problem. As in the analysis of fixed-rate tenders, I begin

with the case of v = 0.

4.1 Absence of Estimation Errors

When the ECB has a precise estimation of the system’s liquidity
needs (v = 0), the conditions imposed on b; and b; such that in
equilibrium bank 7 is not a supplier in the interbank market and
bank j is not a demander imply that b; € (0,1;] and b; € [I;,1; + 1;].
Note that, contrary to what happens in a fixed-rate auction, b; and
b; have finite superior limits. This prevents the allotment ratio from
falling to very low levels.

Interior solutions for r; and r; require that aggregate bidding
behavior exceeds aggregate liquidity needs (b; + b; > li + l}), which

131t does not pay to bid an interest rate higher than m, because the bank can
obtain liquidity at m through the lending facility. Also, the Central Bank is not
willing to accept bids below d, since banks can deposit liquidity at d.
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corresponds to rationing at the marginal rate, a situation that
occurred in almost all variable-rate tenders conducted.

When v = 0 the cut-off level for v so that the equilibrium
overnight rate does not rise above m is simply equal to 1. The opti-
mization problems of banks ¢ and j for v > 1 (0* < m) resume
to

i, (=0 0+ = ) = o+ (1 =)= )

+ (Tﬂi - Z) (rjb; = (my +d(1 = 7))(b; = I;))-

There are four equilibria for the variable-rate tender when v > 1.
The only equilibrium with both types of banks participating in the
MRO and interior solutions for the price bids is™*

14There_ are three other equilibria, which do not comply with the condition
b; +b; > l; + 15, so do not have rationing at the marginal rate.
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In this equilibrium bank i wins the auction (r; > r; V [;,1;)' and is
allocated with all the liquidity it needs. Bank j also receives all the
liquidity required (it receives I; + l} — 1 = Zj, even though it bids
higher) but pays a lower interest rate, declining in its own liquidity
needs and rising in the rival’s, such that when I; is sufficiently small
relative to l}, bank j is not willing to make a price offer above the
minimum (d). The bank that expects to have a demand position in
the interbank market is the one that makes the lowest quantity bid;
however, it is the one that wins, so bidding an amount equal to its
needs is the optimal behavior.

For v <1, the relevant case under a financial markets crisis sce-
nario, the only equilibrium with interior solutions for the interest
rate bids is'®

- m+d

B _ d-+ (mgd)W _ (m;[zi)l} = [j < ’YZi
d<1; > ;.

Bank ¢ is the winner and pays an interest rate independent of ~,
because unsatisfied liquidity will have to be paid at m. The price
offered by j declines as « increases, for the more inelastic is supply,
the less bank j will be able to sell in the money market (at a rate
equal to m), and hence the more it will have to deposit at d. In the
limit, as v tends to zero (interbank market vanishing), 7 will tend
to d, the minimum bid allowed in this scenario (see subsection 4.4
for a higher minimum bid).

The bank with the worst expectations about its position in the secondary
market is the one that bids the highest price.

16Thelre_ is another equilibrium, which does not comply with the condition
bi +b; >l + 1.
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These results allow us to state the following lemma, which con-
trasts with lemma 1.

LEMMA 5. The equilibrium quantity bid in a variable-rate tender is
Litl;

21}+llj ’
growing in the liquidity needs of banks that expect not to be demand-
ers in the secondary market, and decreasing in the liquidity needs of
banks that expect not to be suppliers. In the context of this model,

the allotment ratio is higher than %

finite. The equilibrium allotment ratio is equal to which is

Furthermore, the finite number of equilibrium quantity bids in
a variable-rate tender is a clear difference as compared with the
outcome of fixed-rate tenders (without full allotment). The informa-
tional role of quantity bids (in conjunction with price bids) regarding
liquidity needs is preserved.

4.2 Collateral Shortage

Assume now that ¢ is limited by the collateral amount ¢;, such that
¢; < l;. Under these circumstances bank i will bid in such a way
that available collateral is fully used in the primary market, as in
the fixed-rate tender. The overnight rate may rise above m. I con-
sider that collateral is restrictive both when ¢ wins and when it loses
the auction.!” For all v, demand in the interbank market is

QD:L‘—C“

while supply is given by

05 = 0<=o<d
a V(i —¢)) =% <o0>d

if ¢+ wins the auction, and by

0<o<d
QS:{ 7\ o—d

’Y(bj_lj)mfd <202d

if the winner is j.

1730, when 4 loses, it does not buy I; + I; — b;, but just ¢;, exactly the same
amount bought when it wins.
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In the equilibrium of this game, the interest rate paid by j is
higher the more ¢ is restricted by collateral. When ¢ wins the auc-
tion, its shortage of funds is solved in the secondary market at an
interest rate equal to d+ mT_d;ls when it loses, the interbank interest

rate is higher.

LEMMA 6. In the equilibrium of a variable-rate tender with collateral
restrictions for bank i, interest rate bids of j in the primary market
are Tising in i’s shortage of collateral.

There are multiple equilibria for the quantity bidding behavior
of i. The focal equilibrium is b; = ¢;, under which the allotment
ratio is higher than with no collateral restrictions, because now ¢
bids below its needs. The choice of b = ¢; is also related to the fact
that, in the practice of the Eurosystem, bids which show up to be
impossible to cover with collateral are highly penalized.

4.3 Credit Rationing in the Interbank Market

Consider now that, due to information problems, the liquidity sup-
plier in the secondary market, j, decides to ration credit at the
interest rate ¢, with d < ¢ < m. Rationing may also occur because of
uncertainty related to future own liquidity needs. Then the equilib-
rium of the game with both banks participating in the auction and
interior solutions for the interest rate bids, v = 0, and no collateral
restrictions becomes

- m+d (t—d)(m—t)
T T T om—a)
_ (t—d)?  (m—d)

b =LAl =dd v = T

Note that 6(;;‘ < 0 is true only for t < mTer. This inequality is
valid whenever v > 2, so for high-enough elasticity of supply, the

loss in terms of quantity acquired in the interbank market (and that

18The value of ¢; has no influence on o* because there is a shift in supply asso-
ciated with the shift in demand due to collateral shortage, so that o remains
unchanged.
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has to be transferred to the lending facility at a penalty rate) is
important and induces a more aggressive price-bidding behavior in
the MRO. If supply is not so elastic, then the reduction in quantity
traded is more modest and the rise in the price bid of ¢ occurs only if
rationing is sufficiently relevant. Comparing with the corresponding
equilibrium with no rationing, we state the following:

LEMMA 7. Credit rationing in the secondary market gives rise to
a decline in the interest rate bid of the bank that is a supplier in
that market. The price bid made by the demander may rise or fall,
depending on the elasticity of supply being high or low, respectively.

Of course, under extreme credit rationing such as in the recent
crisis, t is lower than mT*d, so the interest rate bid of i-banks will
tend to be very high. Observation of marginal rates in MROs actu-
ally shows a gap relative to the minimum bid that is larger during

the turbulence than before it.

4.4 Minimum Bid for the Interest Rate

In the analysis conducted so far, the lower bound for the price offers
has been d. When the change to variable-rate tenders occurred in
June 2000, the minimum bid was set at the fixed rate in use in the
MROs of the Eurosystem at the time of the change—that is, r in
our notation. In these circumstances r; and T are now free to fluctu-
ate in the interval [r, m] instead of [d, m]. The equilibrium for v > 1
with both types of banks participating in the MRO and with interior
solutions for the price bids becomes

d+r m—d m—d
. 7 t 5, <7> =4
bi - li, Ti - —d
Ty > T
d+r m—d _ (mfr)l}- 7 (m—d—~(r—d))l;
- 2 2~ a, = lj < y(m—r)

bi=1+1, 0 = .
? R P R ) L1}

y(m—r)

The interest rates paid by both banks rise as compared with the
no-minimum-bid situation. Hence their expenses rise as well, as do
the ECB’s revenues. The winning price bid is mostly influenced by
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the minimum level 7, the interest rate on the deposit facility being
the one with the lowest impact on 7 if the elasticity of supply is not
too high (v < 2); otherwise, the lending facility rate has the lowest
impact.

When ~ < 1, this equilibrium is

* 7 * m+r
bi:li,ri: 2
—d —r)l; 7 —d)y—(r—d))l;
T e
r el > Unmdy—trod)li

Interest bids are again higher than in the absence of a minimum bid.
The winning bank offers a price equal to the midpoint of the allowed
interval, just as in the no-minimum-bid case. The value of v does
not influence this bid, because the interbank rate is predetermined
at m, contrary to what happens when ~ > 1.

A variable-rate tender with a minimum price bid has no qualita-
tive difference from a pure variable-rate tender. When the signaling
effect of the minimum offer as to the monetary policy stance can be
achieved through some other vehicle (for instance, by announcing
an operational target), the choice of the instrument is irrelevant.

4.5  Estimation Errors

When the ECB fails to correctly estimate the system’s liquidity
needs,' it can be seen that bank i will find it more expensive to
comply with reserve requirements if v < 0 (underestimation), and
cheaper if v > 0 (overestimation). The interest rate paid rises in
the former situation as compared with the correct estimation case,
and declines in the latter. There is an additional reason for bank i’s
expenses to grow in the underestimation case—the fact that it will
have to resort to the lending facility for the amount |v|.

As to bank j, a negative estimation error has no effect on the
price paid, but v > 0 implies a lower price offer. This bank makes
use of the deposit facility (for an amount equal to the estimation
error) when v > 0.

¥ As in fixed-rate tenders, this wrong estimation is related to the absorption
or injection of liquidity by “autonomous factors.”
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The equilibria characterized by interior solutions for the
overnight rate and by both banks participating in the MRO and
making interior price bids (with no minimum rate) are as follows.
For v < 0

2y 2l;
* 7 7 * d+m27;d_(m2_[?)l]<:l_‘7§%
bj:ll—'l_ .77Tj - _ _
l
d<:lj>?l
and for v > 0
] )i
b =1, rf = (m_i)l
2y(l; +v)
(m—d)l; (m—d)(l;+v) 2
L B (s B T ey Rl
b]:li—i-j—l-U,T'j: P
d<:l >m v.

The bank which expects not to be a liquidity supplier in the
secondary market reduces its quantity bid as compared with the no-
estimation-error case when v < 0, and the bank which expects not to
be a liquidity demander raises its bid when v > 0. In these circum-
stances expectations as to net positions in the interbank market are
fulfilled. Deviations as to liquidity needs are fully corrected through
the ECB’s standing facilities. As stated above, bank ¢ is harmed,
in terms of expenses, by underestimation, and benefits from over-
estimation. Bank j is unaffected by underestimation; when there is
overestimation, results are ambiguous and depend, among other fac-
tors, on the magnitude of v (on the one hand, the price paid in the
MRO is reduced as compared with the v = 0 case, but liquidity

acquired is higher, and there is a surplus to be deposited at d).
Li+lj4o
2, +1;+v

mation of the system’s liquidity needs decreases this ratio, whereas

overestimation raises it.

In these equilibria the allotment ratio is . S0, underesti-

LEMMA 8. An underestimation (overestimation) by the ECB of the
system’s liquidity needs raises (decreases) the interest rate bid of
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banks which expect to be liquidity demanders in the secondary market
and their expenses, and decreases (raises) the allotment ratio.

5. Fixed- versus Variable-Rate Tenders

The model presented is a simple three-stage game in which banks
try to obtain the liquidity needed by making use of open-market
operations of the ECB, the interbank money market, and “stand-
ing facilities.” Although simple, the model replicates empirical facts
observed since the beginning of Stage Three of the EMU, confirms
some results in the literature, and allows us to address the possible
implications of some facts deriving from the recent credit crisis, such
as collateral shortage, credit rationing in the interbank market, and
wrong estimation by the ECB of the system’s true liquidity needs.
This section summarizes some of the results obtained.

Confirming observation and previous literature results, low allot-
ment ratios were shown to be inherent to fixed-rate tenders (without
full allotment), since bids may reach very high levels. On the con-
trary, variable-rate tenders allow for reasonable levels of this ratio.
Overbidding may be present in both types of auction; however, it
may be a much more serious problem in the former than in the latter
(the change from fixed- to variable-rate procedures in June 2000 has
indeed led to clearly higher allotment ratios).

The informational content of quantity bids as regards true
liquidity needs is lost in fixed-rate tenders (without full allotment),
due to multiplicity of equilibria. However, it is preserved in variable-
rate tenders.

In a variable-rate tender banks have a higher probability of being
allocated with all the liquidity needed in the MRO.?° This is espe-
cially important for those institutions that expect to be in a demand
position in the interbank market and even more when this market
is highly restricted or does not even work. Actually, in a fixed-rate
tender liquidity allocated to each counterpart is a function of its own
quantity bid and also of the rival’s, so that a perception error about
the latter may leave the bank in a weak position thereafter; on the

20 Again, this is as compared with a fixed-rate tender without full allotment. If
fixed-rate tenders have full allotment, the probability of being allocated with all
the liquidity needed is one.
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contrary, in a variable-rate tender the bank may guarantee itself the

desired liquidity as long as it makes a sufficiently high price bid.
Suppose that ¢ believes that j will bid b;; and therefore, in a

fixed-rate tender (with no distortions—binding collateral and other),

chooses b;; = f——%bjl, but j actually bids bjo > b;;. Then bank 7
_ L - - _
: : Lit+l; litl; P : Litl;
will receive mb“ < ﬁbll and ] will obtain meQ >

L+l b
bi1+bj1
misallocation is corrected in the secondary market at an (interior)
interbank rate equal to d + mT_d. For sufficiently low v (v < T__j),
j benefits in terms of expenses and ¢ is harmed, the reverse being
true for high ~. In any case, the ECB’s revenues are unaffected by
this perception error of bank 4.

In a variable-rate tender (again with no distortions) the winning
bank is not harmed by a wrong perception of the rival’s bid. The
loser, however, may suffer from an incorrect perception of the other’s
liquidity needs (and hence quantity bid), both in what concerns
allotted amount and price paid.

For banks restricted by collateral, a relevant scenario under the
recent financial turmoil, bidding mistakes (above the equilibrium)
are more harmful under fixed-rate procedures than under variable-
rate procedures. As we have seen, the equilibrium quantity bid for
bank 7 is bj in a fixed-rate tender and ¢; in a variable-rate

j1- What j receives in excess is exactly what 7 is short of; this

Ci
li+lj—c;
one. Bidding above the equilibrium implies less liquidity for bank j
in the fixed-rate auction, and hence a rise in the interbank market
rate; in a variable-rate auction, on the contrary, liquidity received
by j is unaffected by b;, so in this sense bank i’s situation is not
worsened.

Shortage of collateral to cover liquidity needs may benefit banks
on the supply side of the secondary market. The revenues of the
ECB are unaffected by collateral shortage in a fixed-rate tender but
may rise in variable-rate tenders, because price bids of unrestricted
banks are higher.

The existence of credit rationing in the interbank market,
another relevant scenario under intensified market tensions, accom-
panied by shortage of collateral of the bank which will be in
a demand position in that market, leaves this institution with
unsatisfied liquidity needs in both procedures. In turn, there is excess
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liquidity to be absorbed by the ECB, as evidence on the high fre-
quency of fine-tuning operations during the credit crisis has con-
firmed. Under a variable-rate procedure, and with interbank credit
rationing, banks will tend to bid high interest rates in the primary
market, therefore leading to an enlarged differencial between the
marginal rate and the minimum bid, as also observed.

Estimation errors by the ECB have clearer effects on banks’
expenses under a fixed-rate procedure than under a variable-rate
one. In the former, banks with a demand position in the sec-
ondary market are hurt by underestimation of liquidity needs and
are unaffected by overestimation; the reverse happens for banks
with a supply position. In a variable-rate auction, underestima-
tion has the same implications as in the fixed-rate auction; how-
ever, banks with a demand position may benefit from an ECB’s
overestimation of the system’s needs, while the impact of this
mistake on the expenses of the banks with a supply position is
ambiguous.

Taking into account the variety of procedures that have been
used to stabilize the markets during the recent turmoil, the debate
on the virtues and drawbacks of fixed- and variable-rate tenders
gained new relevance. However, as we have seen, the results in this
paper still favor the choice of variable-rate procedures as opposed to
no-full-allotment fixed-rate tenders.

6. Conclusion

Open-market operations are an important instrument of the ECB’s
monetary policy. Most of them have been historically conducted
through variable-rate tenders, although fixed-rate operations have
already been in practice and have never been definitely excluded.
Actually, the Central Bank returned to the fixed-rate format, but
with full allotment, to conduct its MROs from October 9, 2008 on.
During the financial market turmoil that emerged in the summer of
2007 and intensified later on, the ECB made use of several liquidity
management instruments, and a comparative analysis of both types
of tenders is pertinent, under relevant scenarios such as the possibil-
ity that collateral is binding, rationing by suppliers in the interbank
market (due to uncertainty as to other institutions’ solvency and
own need of funds), and estimation errors of the system’s true needs
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by the monetary authority. Recovering some previous results in the
literature, this paper has compared fixed- and variable-rate tenders
in what concerns bidding behavior of the counterparts and induced
allotment ratios in the primary market, functioning of the interbank
market, and resorting to “standing facilities.” Overbidding is again
found to be inherent to fixed-rate tenders (without full allotment),
but can be very mitigated under a variable-rate procedure. Further-
more, variable-rate tenders allow keeping some informational content
of quantity bids, as opposed to fixed-rate tenders (again without full
allotment).

The paper has also shown that (i) bidding mistakes are more
harmful for banks restricted by collateral when the liquidity auc-
tion takes place at a fixed interest rate than when this rate is vari-
able, (ii) credit rationing in the interbank market may lead to the
placement of high amounts of liquidity with the ECB, reinforces the
opportunity for fine-tuning operations, and enlarges the gap between
the marginal rate and the minimum bid in a variable-rate auction,
and (iii) a non-acute estimation of the system’s liquidity needs has
stronger implications for banks’ expenses (to comply with reserve
requirements) under primary market fixed-rate tenders than under
variable-rate tenders. The paper also provides some rationale for
the enlargement in the set of assets eligible for collateral purposes.
Altogether, our results reinforce the use of variable-rate tenders as a
means to provide liquidity to credit institutions, as opposed to fixed-
rate tenders without full allotment, especially in times of pronounced
market turbulence.
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